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LETTER OF TRANSMITTAL 





JANUARY 30, 1956. 
Hon. Ciinton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 


The Capitol, Washington, D. C. 


Dear Mr. CHarrMan: On March 26, 1955, vour committee es- 
tablished the Panel on the Impact of the Peaceful Uses of Atomic 
Energy and instructed us as follows: 

I. To appraise the present and future impact of all aspects of the development 
of atomic energy on our way of life, our economy, our industry, our natural re- 
sources, and including the effect upon employment. While this appraisal will 
be concerned principally with the peaceful applications of atomic energy, it ob- 
viously must take into consideration its military applications as they affect or 
concern peaceful uses. 

II. To consider also the effects of the application of atomic energy upon econo- 
mies and industries abroad. While the study will be concentrated upon United 
States industry and economy, it must take into account the interlocking effects that 
such development and application abroad might have on our own economy and 
industries. 

III. To study the activities of the Atomic Energy Commission as they affect 
the foregoing both in the Commission programs aimed at developing peaceful 
uses in atomic energy and in the Commission role as the regulatory agency of the 
new field. 

IV. To recommend to the Joint Committee any legislative or policy actions 
needed to speed the proper development under both Government and private 
auspices of peaceful uses of atomic energy. 


We were instructed further to prepare and submit by January 31, 
1956, a report on our activities and findings. 

We take pleasure in reporting to you herewith the results of our 
study, together with our conclusions and our recommendations. 
In preparing this report, we have borne in mind your charge concern- 
ing the many problems and objectives which must be weighed and 
balanced. In accordance with your instructions, we have sought, 
without diluting the effectiveness of the report, to merge our indi- 
vidual views into a single set of findings to balance these problems and 
objectives in a single report representing the joint judgment of the 
panel. 

Our chairman has been instructed by the panel to submit the 
previously unpublished background material, collected in the course 
of our work. This material, contained in volume 2, is submitted 
separately, though not endorsed by the panel, as a collation of valuable 
information concerning the peaceful uses of atomic energy and their 
impact. 


























VI LETTER OF TRANSMITTAL 


In our work, we have been ably supported by a conscientious and 
hard-working staff on assignment to us from your own organization 
and from other sources. The many individuals, firms, organizations, 
and departments and agencies of Government upon whom we called 
for assistance invariably gave generously of their time and thought. 
Without them, we could not have completed our task. 

We are grateful to the Joint Committee on Atomic Energy for the 
rewarding opportunity afforded us to explore a broad new subject 
which will in the future demand more thought and effort. 

Respectfully. 


iene 


Rospert McKinney, Chairman. 

Ernest R. BREECH. 
Georce R. Brown. i 
SUTHERLAND C. Dows. 
JoHN R. DuNNING, 
Frank M. Fo.som. 
T. Keira GLENNAN. 
SAMUEL B. Morris. 
Water P. RevurHer. 
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FOREWORD 


DerscrIPTION OF METHOD 


Performance of an assignment of the scope and within the time limits 
imposed by the Joint Committee’s terms of reference to the panel has 
severe problems—partic ularly since no survey of this nature has 
previously been attempted in this new field. 

At the outset it was apparent that, unless self-imposed restrictions 
on the range of inquiry were adhered to, our efforts would be diluted 
to the point of ineffectiveness. Our first ‘step, therefore, was to survey 
the areas into which we could profitably inquire and in which we could 
expect to draw useful conclusions. This survey developed six prin- 
cipal peaceful uses of atomic energy which seemed to warrant review: 
power, medicine, agriculture, food preservation, propulsion, and 
general industrial uses. 

In addition, international aspects of the peaceful uses of atomic 
energy seemed to be of great significance to our study. 

Further, it was clear that the role of the Federal Government in 
this field could strongly influence, if not control, the rate of future 
development. Therefore, much of our effort was devoted to the 
organization of the Atomic Energy Commission; control of informa- 
tion; research and development; manpower; education; hazards, 
protection and insurance; ownership of materials; licensing and regula- 
tion; financial environment; patents; and Government organization 
in general. 

Having established a method of approach which essentially defined 
the table of contents of our report, mechanisms were needed to collect 
and digest the great volume of material which must inevitably be re- 
quired. An essential characteristic of this mechanism was that any 
possible unwarranted preconceptions had to be distilled out contin- 
uously and natural differences or bias in opinion brought to light. To 
accomplish these objectives, we divided the six areas of technological 
impact for assignment to qualified individuals, organizations and study 
groups, each operating autonomously and submitting their independ- 
ent findings of fact and their conclusions to seminar discussion groups. 

These seminars were composed of individuals who, by background 
and experience, could be expected to provide the panel with objective 
views in their specific fields. The seminars acted autonomously under 
their own chairmen, but pursuant to terms of references provided by 
the panel. 

Fifteen seminar or discussion groups were convened and approxi- 
mately 50 special studies were prepared. All in all, 327 people, all 
authorities in their field, took part in this work. 

In order that the seminars could have the full benefit of frankness 
and openness of discussion, neither verbatim notes nor attributions of 
statements were taken. Summaries of the points of view expressed 
and the general areas of agreement were prepared under direction of 
the seminar chairmen for submission to the panel. 
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At the same time, questionnaires were sent out by the panel staff 
and collaborating organizations on a wide variety of subjects. Re- 
plies from individuals, universities, and industry served to check the 
validity of background papers and seminar reports. Two hundred 
and twelve organizations helped in this phase of the project. 

Concurrently, the panel undertook to acquaint itself with the 
scientific and technical activities, the administrative work, and 
organization of the Atomic Energy Commission. Discussions took 
place with the Commissioners, General Manager, key personnel, and 
representatives of Commission contractors. 

In the interest of minimizing any possible disruptive effects of our 
study on the Commission’s activities, collection of background infor- 
mation on Commission policies and activities was carried on as much 
as possible by exchange of correspondence on specific matters. 

The statements of fact, opinion and conclusions expressed in the 
seminar reports and background papers were studied, digested, and 
correlated by the panel staff; then considered at length by the panel. 

The weighing and balancing of the data and opinions thus made 
available, and outlining of each the related report sections occupied a 
great proportion of the panel’s time. The final step in the process 
was the detailed review of the report and agreement on it in the form 
in which it now appears. 

Of our many findings, perhaps the one of which we can be most 
certain is that the data on which such a report as this must be based 
are so complex and ever changing that only by periodic review and 
updating can they retain continuing value. 








REPORT 
of the 
PANEL ON THE IMPACT OF THE 
PEACEFUL USES OF ATOMIC ENERGY 


CONCLUSIONS AND RECOMMENDATIONS 


Inevitably the many peaceful uses of atomic energy will be explored, 
fully developed, and put to man’s best use. They will have strong 
impact on the American society and economy. For the Nation as a 
whole, and for most people, impact should be beneficial. Dislocations 
which may be in store will not be different from those normal in a 
rapidly expanding industrial economy. 

For the many peaceful applications to enter into everyday life on 
a scale sufficient to cause impact, much remains to be done. Atomic 
power must first become economically competitive. Later it may be 
cheap but not free. Other atomic applications can add to the pro- 
duction capabilities of our factories and farms. New avenues to 
better health are in prospect. 

More than money and promises are needed, however. It takes 
time and trained people to stake out the resources of this new tech- 
nology. Widespread understanding of the difficulties to be over- 
come—potential hazards, and necessity for realistic international 
working arrangements—is an essential element in the realization of 
these benefits. Not only are these benefits our objective for ourselves ; 
they must also be our objective for the whole free world. With our 
ability and leadership, their realization need not be far off. 


Atomic PoWER 


Atomic power gives promise of becoming an important new resource 
for the generation of electricity. For the expanding economy of the 
United States and for less highly developed countries seeking ways 
to raise their levels of industrialization, atomic power provides reason 
for optimism. 

The bright promise of the future must not hide the fact that large 
sums of money and years of effort must be spent to bring atomic power 
to a point where it can be used effectively and widely on a competitive 
basis. Unless and until research and development demonstrate that 
atomic power can be economically feasible, there can be no substantial 
impact. 

Private enterprise should carry a substantial part of this research 
and development program, including especially the construction of 
full-scale ‘‘demonstration” plants. But in the event that industry 
does not take on the full risks and burdens, such a program should 
be supported by the Commission, even to the construction with public 
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funds of one full-scale ‘“demonstration”’ plant of each major reactor 
size and type. 

The present development program is deficient to the extent that 
appropriate “demonstrations” of the small and medium-size types 
are not now underway. ‘The urgency associated with accepting the 
challenge to United States world leade ‘rship, together with the need 
for establishing atomic energy as a power resource available to assist 
in maintaining maximum expansion rates of the American economy, 
require that effective development and ‘‘demonstration”’ of all major 
reactor sizes and types be carried forward at high priority. If progress 
is not expeditious and efficient, it is clear that the Federal Govern- 
ment has a fundamental obligation to carry it out. Although private 
participation in this program is desirable, it should not be obtained 
at the cost of delay. 

The rate of growth of atomic power will depend to a large degree 
on the rate of expansion of our total economy. By 1975 atomic 
power could amount to 20 to 40 percent of pr esently installed electric 
generating capability in the United States. If this occurs, however, 
it will be in the context of a total generating capability of 3 to 4 
times present levels. 

The net domestic impact of atomic power should be beneficial to 
individual consumers and to industry. Disruptive influences, even on 
specific industries most directly affected, are likely to come—if at all— 
over periods of time long enough to permit orderly adjustment. In 
specific industries popularly assumed to be most vulnerable to atomic 
inroads—coal, for example—such dislocation as appears possible would 
come from a welter of forces more complex and more overriding than 
atomic energy alone. 

If atomic power is exploited as a source of electric power at a rate 
consistent with sound technological, economic and public policy con- 
siderations, the impact will be totally beneficial at home and abroad. 

We rf ‘ommend: 

that the Congress, the American people, and the people of 
a world recognize that large sums of money and years of effort 
must be spent to bring atomic power to a point where it can be 
used effectively and widely on a competitive basis; unless and 
until research and development demonstrate that atomic power 
can be economically feasible, there can be no substantial impact; 

2. that, in the event that industry does not take on the full 
risks and burdens, the Commission should support a program 
to bring atomic power to a point where it can be used effectively 
and widely on a competitive basis, even to the construction with 
public funds of one full-scale “demonstration” plant of each 
major reactor size and type; 

3. that the urgency associated with this program requires that 
the technological resource of atomic power be fully explored with 
high priority; and 

that atomic power be exploited as a source of electric power 
at 3 rate consistent with sound technological, economic and public 
policy considerations. 
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CONTROLLED THERMONUCLEAR POWER AND Direct CONVERSION OF 
RADIATION ENERGY 


Controlled thermonuclear power and direct conversion of radiation 
energy are subjects which stimulate men’s imaginations. We have 
come to the conclusion that we can contribute nothing in the way of 
sound estimates of future impact in the absence of better data and 
on the basis of the speculations available to us. Exploration of these 
areas offers a great challenge to the best scientific minds in the world 
today. 

There are military implications, however, which would come with 
the availability of special nuclear material as a byproduct of con- 
trolled thermonuclear power. Within the limitations of national 
security considerations which these impose, we believe that this 
entire area of scientific and engineering development warrants the 
maximum interplay of ideas. We note the recent decision by the 
Commission to make available information about its controlled 
thermonuclear program to United States citizens holding permits for 
access to secret restricted data. As private citizens, we would hope 
that the day will come when world conditions will permit all those 
able to contribute to thermonuclear power to learn all there is to 
know about it. Of greater present importance is the development of 
procedures by which more people can contribute freely to it. 

This is a truly frontier research project. It concerns a basic energy 
resource which could have impact on the economics of the entire 
world. The Government has a clear obligation to give it full support 
as well as to stimulate scientific contributions from every quarter. 
At the same time there is also an obligation to the public and to those 
being encouraged by the Federal Government to invest in nuclear 
fission power ‘to see to it that they are allowed to have sufficient 
information about the feasibility of nuclear fusion power to have an 
adequate foundation upon which to base a determination for them- 
selves of the propriety of their investments and actions. 

We panes 

that the Commission, within the limitations which national 
sec tie considerations impose, permit the maximum interplay of 
scientific and engineering ideas, and develop procedures by which 
more people can contribute to the controlled thermonuclear 
program in the United States; and 
2. that the Commission, in encouraging investment in nuclear 
fission power, see to it that investors have sufficient information 
about the feasibility of nuclear fusion power upon which to base 
determinations for themselves as to the propriety of their invest- 
ments and actions. 


MEDICINE AND Pusiic HEALTH 


We feel that a high priority must be set on means for bringing higher 
health standards to our people and the peoples of the world through 
the beneficial use of atomic energy in medicine and public health. 
As individuals learn to recognize these beneficial aspects, they will 
begin to lose their fears of atomic energy arising from the fact that 
hitherto their attention has been focused on its military applications. 

In setting forth the recommendations below, we have purposely 
refrained from suggesting specific methods of financing. It is our 
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strong feeling, however, that medical institutions and research centers 
should not assume a passive role and expect the Government, and more 
especially the Commission, to assume all or even a major portion of the 
responsibility for providing research facilities, equipment, and ma- 
terials. Government monopoly of atomic energy for weapons was 
wise and necessary, but this monopoly must not be allowed to extend 
itself into the medical field, with all the concomitant dangers of 
secrecy, concentration of research, and control over facilities and 
personnel. Any Government assistance afforded the medical and 
public health professions should flow from all the various govern- 
mental agencies concerned with health, education, and research, and 
should carry with it no implication of Federal control over medical 

practice or research. 
If maximum benefit is to be gained from the advances in medicine 
and public health made possible by atomic energy, it is necessary to: 
Provide all medical schools with adequate facilities for 

training in atomic medicine techniques; 

2. Create additional research centers with all appropriate 
equipment, including reactors; 

3. Design low-cost atomic medical equipment suitable to the 
needs of the 6,100 hospitals and medical clinics without atomic 
facilities and provide at least minimal facilities to this group as 
rapidly as possible; 

4. Make available at reasonable prices the now-expensive 
radioactively labeled organic compounds essential for research 
and therapy; 

5. Assure prompt availability of current atomic developments 
in the field of medicine and medical research, with opportunity 
for full interchange of latest data and without interference of the 
independence of medical research investigators; and 

6. Inaugurate a nationwide educational program on the more 
judicious use of radiation and the need for better recordkeeping 
of the exposure of individuals to radiation from all sources. 


AGRICULTURE 


Peaceful uses of atomic energy in the field of agriculture are signifi- 
cant additions to the many other modern methods of improving farm 
technology. 

Man can already produce the food he needs if he takes advantage 
of the modern techniques available today. Atomic contributions 
will extend this ability to a still higher level, thus acc entuating farm 
surplus problems in the United States. The extent of this impact 
will depend upon the rate of speed of development and the breadth 
of application. Efforts to speed the contribution of atomic energy 
to agriculture will inevitably increase the urgency of meeting the 
challenge to the Nation posed by farm surpluses. 

Benefits of atomic applications to farmers can be as real and as 
immediate as each individual wishes to make them. The cumula- 
tive impact will be an increase in the farmers’ ability to specialize, 
diversify, and better deal with their traditional worst foes—weather, 
pests, and diseases. 

Peaceful uses of atomic energy in agriculture can help the under- 
nourished peoplesjof,the world have more to eat, if technological assist- 
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ance is provided. There can be no miracles; research, education, and 
work are needed. 
We recommend: 

1. that the humanitarian benefits which carn result from the 
application of atomic developments to agriculture require that 
this technological resource be fully explored with high priority; 

2. that those charged with meeting the farm surplus problem 
take into consideration the fact that such atomic developments 
as other major new farm techniques—will contribute materially 
to farm output; and 

3. that the Agencies and Departments concerned with assist- 
ance to foreign countries develop a coordinated and vigorous 
program of high priority with technical assistance from the Com- 
mission, to focus atomic research where it can be useful soonest 
in undernourished countries. Only in this way can the United 
States bring to bear atomic contributions to agriculture, so as to 
demonstrate our historic sense of international humanitarian 
leadership. 


RADIATION PRESERVATION OF Foop 


Radiation preservation of food does not appear likely to replace 
other methods of food preservation to any substantial extent in the 
foreseeable future. When economically feasible, it would be a supple- 
ment to other methods. 

It appears that nothing but benefits can come from success in this 
field for both the consumer and for the economy as a whole. Higher 
proportions of skilled workers would probably be needed in the food 
industry, but the levels of skill should not he difficult to meet by 
retraining. 

As radiation preservation is adopted commercially, more of the 
food produced in the Nation would reach consumers in usable con- 
dition. This would have the effect of adding to food supplies without 
relationship to any increases in food production. Radiation deinfes- 
tation of grain, a technique now available, could lead to greater 
surpluses. 

Radiation preservation techniques appear to be new tools of an 
advanced and mature technological and industrial society, and are 
not likely to be readily appiied to industrially underdeveloped areas 
of the world. 

We see no need to change the present rate at which development of 
radiation preservation techniques is going forward, except insofar as 
military needs may require. 

Therefore we recommend: 

1. That the present program for development of radiation 
preservation techniques for foods and other perishables be sup- 
ported at present and projected levels; and 

2. That those charged with meeting the farm surplus problem 
take into account the fact that radiation deinfestation of grains, 
a technique now available, could lead to greater surpluses. 
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Atomic PROPULSION 


Propulsion of Commercial Ships 

Atomic propulsion of commercial ships is_ technically feasible. 
However, economically competitive atomic ships are not generally 
yet in prospect. A limited number of applications, such as ocean- 
going tankers, may have economic advantage. The possible need 
to replace a large portion of the United States merchant fleet in the 
1960-65 period makes it desirable for the Atomic Energy Commission, 
the Maritime Administration, and the shipping and shipbuilding in- 
dustries to work out a program for exploring the economic feasibility 
of atomic-powered ships. Only in this way can adequate engineering 
and operating data be obtained in time to permit determination of 
the advisability of construction of any substantial number of atomic- 
powered commercial ships a decade hence. Advantages of such 
ships during any future war, as well as maintenance of U nited States 
maritime prestige, give a degree of urgency to this line of development. 


Propulsion of Commercial Aircraft 

Though technical prospects for military aircraft with atomic pro- 
pulsion are considered good, prospects for economically competitive 
commercial applications seem unlikely until some experience with 
military prototypes has been acquired. If commercial types ever 
come into use, they will probably be byproducts of the military pro- 
gram. Foreseeable impact, even so, is not substantial since only very 
long-range cargo aircraft appear likely to be able to make profitable 
use of atomic power. The prospect of nuclear crashes in populated 
areas and resultant radiation hazards could serve as additional deter- 
rents to extensive use. There appear to be no advantages inherent 
in commercial atomic aircraft worth additional efforts now, over and 
above those being expended on achievement of military objectives. 


Propulsion of Locomotives 

Atomic locomotives could in all probability be built and operated 
successfully, but appear to offer no economic advantages until sub- 
stantial improvements in reactor technology are made. There is no 
real industrial development program directed at atomic locomotives 
today and no directly comparable military atomic power projects are 
underway, but the technical and engineering data being developed 
will undoubtedly improve the outlook for economically competitive 
atomic locomotives in the years ahead. ‘There appears to be no in- 
centive or necessity for Federal support of an atomic locomotive 
development program, but the Commission should cooperate within 
the limits of national security with any industrial efforts. 


Propulsion of Motor Vehicles 

Atomic-powered civilian automobiles, and commercial trucks and 
buses are not technically feasible today and apparently will not be 
in the foreseeable future. 


Recommendations 
We recommend: 

1. that the Atomic Energy Commission, the Maritime Ad- 
ministration, and the shipping and shipbuilding industries work 
out a program for exploring the economic feasibility of atomic- 
powered ships; and 
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2. that the Commission cooperate within the limits of national 
security with any industrial efforts to develop atomic locomotives. 


GENERAL INDUSTRIAL USES 


Radioisotopes and radiation are already being used by industry for 
process control and inspection and for research. Savings in the form 
of reduced scrap, reductions in additional work performed on faulty 
products in process, and in better knowledge of what is happening in 
complex processes undoubtedly will be large in the years ahead. These 
have become natural tools of industry. 

Atomic heat for industrial processes could be of significance in the 
future. No active research and development program on this problem 
is in progress. In view of the nature of the potential industrial appli- 
cations of process heat, it would appear that private industry must 
bear the primary 1 responsibility for the development of specific appli- 
cations. However, at the present time, only the Commission has the 
facilities required to conduct the metallurgical research essential to 
the development of high-temperature reactors. 

Atomic radiation may be very important as a new form of energy 
for the chemical and other industries. Present Commission support 
could profitably be stepped up in these areas of fundamental explora- 
tion. However, here again it appears that the development of specific 
applications will be most successful if they are carried out by the 
actual industries which are prepared to exploit them. 

Atomic space heating, while theoretically feasible, appears unlikely 
to prove economically competitive on any substantial scale. Never- 
theless, since space-heating requirements are a large fraction of total 
national energy demand, any efforts on the part of private industry 
to explore promising ideas should be encouraged by the Commission. 

We recommend: 

1. that the Commission step up fundamental research in 
areas relating to the use of atomic radiation as a new form of 
energy for material processing; and 

2. that the Commission encourage any efforts by private 
industry to explore promising ideas. relating to atomic space 
and process heating. 


IMPACT ON THE UNITED STaTEs OF PEACEFUL ATOMIC DEVELOPMENTS 
ABROAD 


The humanitarian applications of atomic energy can make signifi- 
cant contributions to the health and prosperity of peoples throughout 
the world. These techniques offer the United States an opportunity 
to establish specific research goals, the accomplishment of — 
could demonstrate the benefits of our concepts of freedom and the 
importance of the individual in society. There are many ways in 
which United States leadership in application of humanitarian uses 
must be pressed forward with imagination and vigor. 

Atomic power may be the most “tangible symbol of America’s will 
to peace through the peaceful atom. Our domestic needs cannot be 
our only motivation. Otherwise, we leave without effective rebuttal 
the argument that America is so rich, so prosperous, that a revolu- 
tionary new energy resource can emerge without any urgent need on 
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our part to put it to man’s use. This must seem a strange position 
indeed to peoples possessing neither conventional fuels nor technical 
capabilities to put the atom to work. 

If we fail to act to bring atomic power to the free world, other 
countries will do so ahead of us, or progress will proceed at a slower 
pace. 

Peaceful uses of atomic energy will inevitably be developed through- 
out the world. The United States must lead. 

Therefore, we recommend: 

1. that the executive branch establish specific research and 
development goals to meet the needs of friendly nations; and that 
attainment of these goals be assured by provision of technical 
services, including the conduct of projects at home and abroad 
aimed at developing crops and farming methods, medical prac- 
tices, and education and training in basic science and in applied 
atomic techniques adapted to the problems of specific friendly 
nations ; 

2. that the Commission center its responsibilities with respect 
to international development of peaceful uses of atomic energy in 
one alert, forward-looking organizational unit; 

3. that adequate research and educational equipment and 
facilities be provided to friendly countries, accompanying research 
reactors sponsored by the United States, so that atomic scientific, 
agricultural, and medical benefits can be brought to bear promptly 
where most needed; 

4. that the United States encourage other nations to decide 
for themselves the rate at which they wish to apply atomic power 
and other industrial uses of atomic energy to their own economies, 
to which end, we further recommend: 

I. that the United States promptly convene a series of 
rezional conferences of our bilateral partners for the imme- 
diate establishment of realistic goals for the installation of 
atomic electric generating plants in specific countries; 

II. that the United States, in issuing invitations to such 
conferences, announce that it is prepared to furnish nuclear 
fuels, provide necessary technological assistance and permit 
contracts for the installation of at least 1 million kilowatts 
of atomic generating capacity outside the United States as 
soon as possible—we hope by 1960. The attention of the 
world should be called to the fact that such a program would 
parallel and possibly exceed the capacity installed during 
the same period at home; 

III. that financial assistance, when required and where 
justified for this program, be made available through normal 
governmental and private channels, not through the Com- 
mission; and 

IV. that atomic powerplants constructed under these pro- 
grams be subject to interim control plans involving appro- 
priate inspection to be agreed upon by each participating 
bilateral partner, and requiring reprocessing of spent fuel 
and recovery of plutonium or uranium 233 in the United 
States; materials thus recovered to be earmarked for further 

expansion of peaceful uses. 
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PuBLICc AND Private AttitrupEs As THrey Arrect DEVELOPMENT OF 
THE Peacerut UsgEs 


Until there is a better informed public opinion—until there is more 
balance in programing what lies ahead—and until there is integrated 
policy to guide both our domestic development and our participation 
in international development of peaceful uses of atomic energy com- 
patible with international atomic control, attitudes and climate alike 
are apt to shift from day to day and week to week. Stabilizing these 
in the framework of sound public policy is a task which requires the 
concerted, responsible attention of all those seriously interested in the 
future of America in the atomic age. 

With the opening up of applications of peaceful uses of atomic 
energy to private enterprise, however, the Congress clearly needs the 
full benefit of a well-informed and vocal public opinion. This is 
necessary to provide a balance to special-interest pressures. In the 
normal course of the democratic process there are pressures concern- 
ing public and private power, concerning guaranteed ore and by- 
product purchasing programs, concerning Federal encouragement of 
developments which, it is feared, may cause dislocation of workers or 
obsolescence of capital investment. These and other pressures can 
best be kept in balance by an informed and critical public, and an 
intelligent, freely functioning press. It therefore follows that the 
inherent requirement for less secrecy and freer flow of significant 
information concerning the peaceful uses of atomic energy is greater 
than the encouragements to this end contained in the 1954 act. 


CONTROL OF INFORMATION 


National security requires that some information related to atomic 
energy be controlled. Important though the peaceful uses of atomic 
energy may be, military uses are vital to our defense. As long as 
world tensions continue, some ciassification system will be required 
both to reduce the knowledge of potential enemies about our de- 
fenses and to avoid making it easier for potential enemies to build 
military strength to be used against us. 

The existence of a dual system of information control, one for 
“atomic” information and one for “defense” information, has less 
validity now that other countries have developed capabilities of their 
own in military and peaceful uses of atomic energy. We would think 
it appropriate for both the Congress and the executive branch to ex- 
plore the possibility of reinstituting a single information control 
system with uniformly applicable penal provisions for violations. 
The concept that information is ‘“‘born”’ classified is not compatible 
with the expeditious action required to make information available 
for the full development of peaceful uses. This concept should be 
limited to nuclear weapons. 

As long as any atomic information remains under contro], those 
interested in its development and applications will suffer serious 
handicaps. No administrative agency can ever give a guaranty 
that a private citizen has all the information needed for decisions 
and actions. 

The Commission can take steps beyond those now contemplated, 
however, to improve the situation. The collation of all information 
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pertinent to peaceful uses on some rapid and continuing basis is an 
important technique. Collections can and should be divided into 
classified and unclassified categories so that they can be made available 
to the maximum number of people. Without action of this sort, 
important data seem doomed to pile up in obscure documents, and 
never reach those competent to use them. Such data may not even 
come to bear fully on Commission work. If any significant quantity 
of information essential to development of peaceful uses is to remain 
classified, it would seem that a substantial number of people will 
have to become engaged, directly or by contract, in the tasks of 
digesting, collating, reviewing, and distributing it for those entitled 
to use it. 
Therefore we recommend: 
that the Commission remove all reactor technology from 
the restricted data category, including such areas as fuel element 
fabrication and processing techniques, leaving specific military 
applications of such technology to be protected, insofar as 
national security is involved, by the defense classification system; 
2. that the Joint Committee reexamine the concept that atomic 
information in all fields is ‘‘born’’ classified; we believe that this 
concept is not compatible with the expeditious action required to 
permit rapid development of peaceful uses of atomic energy; and 
that therefore this concept should be limited to the design, 
manufacture, or utilization of atomic weapons; and 
that the Jomt Committee require the Commission to under- 
take the compilation of both classified and unclassified informa- 
tion relating to peaceful uses of atomic energy on a continuing 
and current basis so that it can be available in ready reference 
form for those entitled to use it. 


RESEARCH AND DEVELOPMENT 


During the present transition from all-Government to Government 
and private responsibility for the conduct of applied research and de- 
velopment relating to the peaceful uses of atomic energy, a more 
equitable sharing of the burden should be the constant objective of 
the Commission and of industry. The research resources of the Com- 
mission should continue to be directed to exploration at the frontier 
and at the same time be available to insure that no promising area 
is left unexplored or receives insufficient effort to meet the national 
interest. 

For industry to bear its responsibility, it must have facilities, per- 
sonnel, current and full information, and detailed knowledge of Com- 
mission programs as they relate to peaceful uses. Normal competitive 
incentives must be available. To hasten progress a two-way flow of 
information between the Commission and industry is essential. 

Continued expansion of basic research is, of course, essential to 
future progress. Such research should continue to be supported 
vigorously by the Commission in the university centers where, his- 
torically, the dual function of advancing fundamental knowledge and 
education has flourished. 

In order to achieve these objectives, we recommend: 

that basic research in universities be given generous support, 
both in funds and facilities, through all normal channels to insure 
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continued expansion of fundamental knowledge in the fields 
related to the peaceful uses of atomic energy ; 

2. that the Commission be encouraged to place research 
and development contracts with universities and other private 
research centers en in advance of actual construction of 
such facilities—in oie to expand total research efforts and to 
aid in the promnt establishment of such private research capa- 
bilities; should ¢dditional contract authority be necessary, 
appropriate amendment of the 1954 act should be made promptly ; 

3. that the Commission be encouraged, and, if necessary, 
required to state its research and development objectives and 
programs in detail on a current basis so that industry can have 
a firm base in knowledge on which to make its decisions; and 

that the present Commission laboratories continue to 
be supported as vital national assets for assuring the expeditious 
exploration of atomic energy. For exploration of our peaceful 
atomic resource, these laboratories, however, must be used to 
encourage non-Commission research capabilities as they develop. 
Their objective must continue to be research at the frontiers 
so that they can make the maximum contribution to peaceful 
and military applications of atomic energy. 





MANPOWER; EDUCATION OF THE PUBLIC AND THE INDIVIDUAL 


Whatever limitations are imposed by present secrecy rules on other 
aspects of the development of the peaceful uses of atomic energy, 
there can be no doubt that sufficient information now exists in unclas- 
sified form to serve as texts for the most advanced college courses in 
nuclear science and engineering. 

Having noted the need for more nuclear scientists and engineers, 
and having noted that present college programs are not adequate to 
supply them, the consideration of various alternate solutions is in 
order. 

An all too normal tendency is to “view with alarm,” to consider 
every problem in every field a crisis, and to call for crash program 
solutions. 

America’s multitudinous forums of public opinion are now at work 
on the important task of searching for an answer to the problems of 
higher education in a free society. We believe the Nation will find 
the answer in a variety of ways, not in any single master plan. 

We feel that nuclear scientists and engineers will be important to the 
Nation in the vears ahead. It will also be important to train scientists 
and engineers in many other specialties as well. Further, scientists 
and engineers are an important element, but only one of the elements 
of a free society. Our social sciences and cultural arts need equal 
emphasis to aid us in adapting to conditions and tensions of the atomic 
age—both military and peaceful. 

The balanced society is the society which serves all its members 
best and uses all their talents. 

Our recommendation here, as on other subjects, is balance. Specif- 
ically we recommend: 

the encouragement of orderly and determined efforts on the 
part of all concerned to increase the output and improve the 
quality of scientists and engineers capable of contributing to the 
development of peacetime atomic uses; 
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2. that the Commission continue support of university research 
and graduate study; we urge that private enterprise likewise give 
them support; 

that the facilities of the national nuclear laboratories be 
made more widely available to support college training programs; 
and 

that recognition be given to the need for additional research 
reactors and other facilities. In addition to facilities required 
for use on college campuses, we would consider it wise to design, 
locate, and operate future research facilities, and especially 
reactors, in such way that they can be of the greatest use to the 
greatest number of college and graduate students. 


Hazarpbs, Prorection, AND INSURANCE 


The possible hazards from peaceful uses of atomic energy range 
from minor to catastrophic. Hundreds of applications in the fields 
of medicine, agriculture, and industry can apparently go forward 
under present regulations and standards with no serious risks. 

There is urgent need for better data, however, and every effort to 
expedite its development should be made by the Commission and all 
other responsible public and private groups involved in development 
of peaceful uses. Every argument for changes in standards should 
be explored fully in competent forums to insure that no lead is left 
unexplored and that real doubts are resolved for maximum public 
safety. 

Federal, State, and local authorities must continue to cooperate 
closely in the establishment and enforcement of the best uniform 
radiation health standards which can be developed. There must be 
balance between the conceivable and the actual hazards, however, 
and for some years to come the Federal Government will certainly 
have the responsibility of establishing this balance. . This is not the 
sole responsibility of the Commission, but a joint responsibility of all 
Federal agencies involved or affected. 

We are not satisfied that the time has yet arrived to reconsider the 
need for a Federal atomic insurance program covering peaceful uses. 
We have noted with interest recent plans of private insurance com- 
panies to deal with these problems. Such efforts shculd be encour- 
aged. At least 2 and possibly 3 years remain in which to conduct 
research and accumulate knowledge and experience before any 
substantial private activity can be delayed or stopped because of 
inability to obtain adequate insurance. In fact, implications that 
the Government is prepared now to take on the insurance burden 
might stifle vigorous private efforts to meet the problem. We look 
on a Federal atomic-insurance program as a threat to private atomic 
enterprise, not a benefit. It is a last resort not vet called for and 
one which may not be needed. 

Therefore, we recommend: 

that the Commission be encouraged to step up its program 

of research into the causes, effects, and control of atomic hazards; 

the 2 or 3 years remaining before any full-scale ‘““demonstration”’ 
atomic powerplant comes into operation must be used to obtain 

the maximum amount of information in order that both those 
concerned with protection against harmful levels of radiation and 
those concerned with providing insurance to cover such damage 





an a Na, 


tia nl ae 


hI i 1 na 


sow 


Nac i TO er 


| 
| 








| 


<ontioms thai bantetseg 


tenn 


ee ae 


el SA i st He 


ha it een 


le 





PEACEFUL USES OF ATOMIC ENERGY 13 


as may occur can have the most advanced knowledge possible at 
the earliest time; and 

2. that the Joint Committee and the Commission continue to 
encourage the insurance industry to develop ways of meeting 
atomic-insurance problems entirely within the concepts of private 
enterprise. 


OwNERSHIP OF SPECIAL NUCLEAR MATERIALS, LICENSING AND 
REGULATION 


Ownership of all special nuclear materials by the Federal Govern- 
ment is now desirable and useful, but at some future time the factors 
motivating such Federal ownership may change. We would expect 
that continuing review of this statutory finding would result in its 
abandonment at some future date. 

We have noted that while it is desirable to construct a sound 
licensing system as rapidly as possible, contracts for private possession 
and use of Government-owned special nuclear materials could provide, 
in addition to financial terms, all of the conditions necessary for pro- 
tection of public safety and national security. The emphasis in the 
1954 act on licensing is sound as a means of establishing equality of 
treatment of private participants, only if it is recognized that licensing 
rather than Federal ownership is to be the future course. 

Despite recognition of the fact that there is no evidence of anyone 
now being injured by the licensing provisions of sections 103 and 104, 
the principles involved in these sections, in our opinion, conflict 
with the principles of private enterprise which the 1954 act has been 
represented as advancing. 

As the peaceful uses of atomic energy expand, public safety requires 
establishment of minimum Federal standards on radiation dosage 
and equipment design. Enforcement on a uniform basis should be 
shared with State and local authorities as rapidly as possible. (Assign- 
ment of responsibility for various aspects of standards and enforce- 
ment is discussed in chs. 14 and 18.) 

Delays in clarifying for American businessmen what they can do 
or what they can discuss with potential foreign customers with respect 
to peaceful atomic applications further impair incentive for develop- 
ment of industrial manufacturing potential at home, and the leader- 
ship of the United States in these fields abroad. 

We therefore recommend: 

1. that the Joint Committee on Atomic Energy create stat- 
utory devices to insure a continuing review of the present 
policy of Federal ownership of all special nuclear materials in 
anticipation of the establishment of private ownership; 

2. that the 1954 act be amended to permit initiation of pro- 
ceedings for the determination of “‘practical value,” as required 
in section 102, by private citizens as well as by the Commis- 
sion, limiting the definition of “practical value’ to technical 
considerations; 

3. that the Commission, and other appropriate Federal depart- 
ments and agencies, work with State and local authorities to 
establish uniform safety and health regulations and enforcement 
relating to peaceful uses of atomic energy; and 
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that the Joint Committee on Atomic Energy revaluate 
now the propriety of the controls on the activities of American 
business in foreign countries imposed by section 57a (3) of the 
1954 act, over and above those controls established by other pro- 
visions of the act relating to control of information. 


FINANCIAL ENVIRONMENT 


The selection by the Commission of research and development 
projects is significant in affecting the financial environment surround- 
ing development of peaceful uses of atomic energy. Research per- 
formed by the Commission and access granted to the results can take 
the place of work which otherwise would have to be performed by 
private investors. 

Guidance related to research conducted in Commission laboratories 
for itself and for others should be given by the Congress on three 
points: the priority to be accorded civilian versus military research 
tasks; the desirability of creating additional Commission facilities to 
conduct peaceful research as an alternative to other devices, such as 
direct Government financial aid to private industry to develop such 
research facilities; and priorities as between potential private ap- 
plicants for research in Commission facilities. 

Without such guidance, the Commission is placed in a position to 
exercise influence over the economics of private ventures which may 
lead to charges of favoritism, partiality, and mismanagement of 
Government resources. This is an excessive responsibility to place 
on the Commission. It is almost certain to lead to an overly cautious 
attitude on the part of Commission personnel. 

The establishment of priorities for making available Commission 
facilities for processing, fabricating, separating, or refining source, 
byproduct, and special nuclear materials should follow the stand- 
ards of urgency applied to peaceful uses requiring these services. 
Conflicts between Commission and private requirements for such 
services should also be considered in the context of the organizational 
problems discussed in chapter 18. 

With respect to Commission support of research and development 
in licensed facilities, we have concluded that only in this way can the 
Commission assure that exploration of the frontiers of peaceful atomic 
uses will move forward with sufficient impetus. Investment of Com- 
mission research and development money in both small and large 
private “demonstration” atomic powerplants seems to us to be sound 
national policy. 

The Commission can seek to meet its own requirements for products 
and services of a military nature by contracting with industry. There 
may be some question, however, as to how useful this form of financial 
encouragement can be to peaceful uses development, except for the 
value resulting from the training of skilled personnel. 

Waiver by the Commission of charges for fuel inventories and con- 
sumption could be of substantial financial assistance in the develop- 
ment, construction, and operation of experimental, medical, research, 
and “demonstration” facilities. This device now has limited effect 
because the Commission is considering the exercise of its discretionary 
authority only in relation to fuel consumption, 
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Military requirements for uranium are the present reason for ore- 
price guaranties. A free market should be the objective for the era 
of expanded peaceful uses without guaranties. 

As an alternative to price guaranties in accomplishing the transition 
to a free market, tonnage guaranties based upon military requirements 
should be considered. Any guaranties should be reviewed annually 
and extended on a 5-year moving basis only if justified by military 
requirements. 

Commission authority to establish guaranteed prices for production 
of special nuclear materials in licensed facilities is a powerful financial 
device which has a material bearing on the economics of atomic 
power. The Commission has exercised its pricing authority in a 
conservative manner so as not to lay the foundations for a long-term 
subsidy to the atomic-power industry. The wisdom of this cannot 
be examined publicly unless the entire supply and demand picture 
can be declassified. We are not critical of the Commission’s prices, 
but we think it undesirable for a financial device of such far-reaching 
significance to be hidden from public examination. 

The authority of the Commission granted by section 81 of the 1954 
act to distribute radioisotopes and fission products with or without 
charge has been exercised with beneficial effects in the sale of radio- 
isotopes at 20 percent of cost for medical research. We can think of 
no better way to increase the rate of development of many peaceful 
uses of atomic energy in the years immediately ahead than by extend- 
ing this same policy to all research in the fields of general science, 
agriculture, and industry, as well as to diagnostic and clinical uses in 
the field of medicine. This may be an ideal way for Government to 
speed exploration of potential new resources and to aid humanity at 
modest cost. 

Other financial devices, direct and indirect, controlled both by the 
Commission and by other Government agencies, can be used as 
necessary to improve the financial environment and speed develop- 
ment of peaceful uses of atomic energy. 

We recommend that: 

the Joint Committee review the 1954 act, in light of the 
priorities for development of various peaceful uses set forth in 
our report, with a view to providing clear guidance to the Com- 
mission on the relative priorities of military and peaceful uses and 
between various peaceful uses; 

2. the Commission provide financial assistance under section 

31 of the 1954 act for the conduct of research involved in one 
“demonstration”’ of each major type of utilization facility insofar 
as such assistance proves essential to private participation in such 
projects; 

3. the Joint Committee, in considering future Commission re- 
quests for long-term contract authority for the procurement of 
materials and services from industry as an alternate to building 
additional Government facilities, bear in mind that in some cases 
it may be unsound to encourage private enterprise to focus its 
attention on Commission military needs not compatible with the 
ultimate direction of peaceful uses; 

4. the Commission waive all charges for fuel used in experi- 
mental, medical, research, and “demonstration” facilities where 
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such facilities are owned by nonprofit institutions and used 
substantially for educational or medical purposes; 

5. the Commission recognize that military requirements for 
uranium are the present reason for ore-price guaranties and 
that a free market should be the objective for the era of expanded 
peaceful uses without guaranties; that the Commission, as an 
alternative to price guaranties in accomplishing the transition to 
a free market, consider tonnage guaranties based upon military 
requirements; any guaranties ‘should be reviewed annually and 
extended on a 5-year moving basis only if justified by military 
requirements; 

6. the guaranteed price schedules for the production of special 
nuclear materials be declassified to make possible public exami- 
nation of this important financial device; 

7. the Commission sell radioisotopes at 20 percent of cost for 
use in all research in the fields of general science, agriculture, 
and industry, as well as in diagnosis and clinical use in the field 
of medicine; and 

8. the study prepared by the Department of the Treasury be 
examined as a valuable exposition of important and often- 
misunderstood financial techniques. (See vol. 2, ch. 16.) 


PATENTS 


Patents can stimulate private investment in the development of 
peaceful uses of atomic energy. The absence of clear patent policies 
or ambiguity in administration can seriously retard. The 1954 act 
for the most part accomplishes the same objectives as the normal 
patents system and at the same time protects the public against un- 
warranted abuse or monopoly. Return of patents on peaceful atomic 
applications to the normal system must be the objective. In the 
meantime, prompt and definitive statements of Commission patent 
policy are currently more essential than revision of the patent pro- 
visions of the 1954 act. 

We recommend: 

that the Commission announce its complete interpretation 
of patent provisions relating to private development of peaceful 
uses promptly, not on a piecemeal or case-by-case basis; 

2. that the Commission notify inventors promptly as to the 
intentions of the Government with regard to the filing of applica- 
tions for patent rights in foreign countries on inventions to which 
title in the United States rests with the Commission and authorize 
the inventors to file applications for patent rights in foreign 
countries where the Commission chooses not to do so; and 

that the complete review of the patent provisions of the 
1954 act by the Joint Committee be set aside until the expira- 
tion date relating to the reserve power compulsory licensing pro- 
visions in section 153 (h)—September 1, 1959— is closer at hand. 
There are many other important policy issues which require more 
prompt attention. 
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PEACEFUL USES OF ATOMIC ENERGY 7 
GOVERNMENT ORGANIZATION 


The peaceful uses of atomic energy affect the functions of almost 
every department and agency of the executive branch and all of the 
corresponding committees of the Congress. Organization of both 
branches of our Government must be directed toward acceptance of 
the fact that the era of atomic centralization in the Government in 
general and the Commission in peationter ended with the decision to 
press forward with peaceful uses 

There is no actual focal point in the Commission for the integration 
of policies and programs related to peaceful uses comparable to the 
focus and impetus provided for military applications. Yet the urgency 
for exploration of both is rapidly approaching equality as a matter 
of national policy. 

In the transition from primarily military orientation to dual em- 
phasis, the speed with which the Congress recognizes problems and 
adjusts legislative policy will be of great importance in determining 
the rate and continuity of progress. The need for a mutuality of 
understanding between the Joint Committee on Atomic Energy and 
the Atomic Energy Commission and for leadership on the part of 
both to a common end is of greater importance today than ever 
before. 

We therefore recommend: 

that the Commission provide a real focal point within its 
organization at which are concentrated authority and respon- 
sibility for defining the integrated objectives for research and 
development of the peaceful uses of atomic energy, both at 
home and abroad, for establishing definite requirements with 
time scales for accomplishment of these objectives, and for assur- 
ing expeditious execution of the necessary programs and projects; 

2. that other departments and agencies of the executive branch 
be encouraged to develop their own organizations for dealing 
with their functional interests in peaceful uses of atomic energy, 
drawing upon the Commission for advice and services rather 
than leaning on the Commission or delegating their functions to 
it; 

3. that the Joint Committee on Atomic Energy continue to 
serve the Congress as a mechanism for balancing the interests 
of the Nation in both peaceful and military atomic pursuits and 
for providing the Congress and the Nation, through hearings, 
reports, and by other means, with a constantly expanding but 
realistic understanding of the import of peaceful uses of atomic 
energy to the American way of life, economy, industry, employ- 
ment and natural resources, and to our international leadership; 
and, 

4. that the Joint Committee on Atomic Energy recognize 
deficiencies in law, act expeditiously to make appropriate adjust- 
ments and clarific ‘ation in law, and provide the Commission and 
other agencies and departments of the executive branch concerned 
with peaceful uses of atomic energy with opportunity for sympa- 
thetic consultation, as well as ‘conducting continuous critical 
but constructive evaluations. 
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CHAPTER 1—CURRENT FRAMEWORK FOR THE DEVELOP- 
MENT OF PEACEFUL USES OF ATOMIC ENERGY 


1.1. History, 1939-56. 
1.2. International versus Domestic Pressures and Attitudes. 
1.3. Present Government Policies. 
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Ownership of Material. 

Licensing and Regulation. 

Patents. 

Research and Development. 

Hazards and Insurance. 

. Secrecy and Control of Information. 
Financial Environment. 

. Manpower and Education. 

A. Current Framework for International Development. 
.5. Conclusions. 
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1.1. HISTORY, 1939-56 

The inherent possibilities of releasing atomic energy have been sus- 
pected for many years. But only since 1939 have the real prospects 
for using atomic energy begun to unfold. The atomic age began in 
1939 with the discovering of nuclear fission, an event which coincided 
with the outbreak of World War II. 

From a start in research in 1939, motivated in the scientific com- 
munity primarily by the great peaceful potential, atomic activity 
became almost exclusively military during the period between 1941 
and 1945. Though achievements were made relating to the metal- 
lurgy of uranium, plutonium, and other new materials, and to the 
application of many beneficial effects of radiation to people and mate- 
rials, most of the $2 billion spent during World War II on atomic 
energy was initially directed toward development and production of 
weapons essential to our survival as a free nation. Many wartime 
laboratories and plants were built for purely military objectives and 
had a short useful life. Other facilities adaptable to peacetime uses 
had the characteristics and efficiency required for permanent use. 

World War II ended with the world in a state of physical and emo- 
tional exhaustion. Nowhere was this more clear than in that part of 
the American scientific community devoted to development and pro- 
duction of the first atomic bomb. Scientists, engineers, and those with 
newly acquired atomic production know-how, were deeply affected 
by the magnitude of what they had done. The result of isolation, 
secrecy, fatigue, repugnance, and accomplishment of the wartime goal 
was a general feeling of letdown. Hundreds of key wartime employees 
left United States atomic technological centers with a sense of relief 
and escape. 

Behind, they left a vacuum. There was no national policy, no 
direction of national atomic effort. Those who remained had their 
hands full just keeping a semblance of a program together. National 
and international attention was focused in 1946 on the American 
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20 PEACEFUL USES OF ATOMIC ENERGY 
proposal to put atomic energy under international control. Soviet 
rejection of the proposal caused the concentration by the United 
States on military uses of atomic energy. This reorientation toward 
military uses was not fully appreciated by some American people 
for months, by the rest for years. 

During World War II, in moments of relaxation, many scientists 
had explored ideas of peaceful uses of atomic energy. They tended to 
minimize, however, the complexities of converting these ideas into 
properly engineered accomplishments. The task proved larger than 
expected, and there was no concerted program in the immediate 
postwar period to put intense efforts into development of nonweapon 
uses. These uses included low-cost electricity from the atom, and 
propulsion of aircraft and true submarines. Meanwhile, the American 
people were barraged with fabulous stories. Expectations ran high. 

But during the years from 1946 to 1949, the public saw none of the 
much-publicized peaceful uses come into general use. Predictions 
failed to materialize rapidly. By 1949, men in the street throughout 
the world assumed that atomic energy meant only weapons, weapons 
more terrible than ever known. Atomic energy was a mysterious 
something not to be understood by everyday folks. It became a 
svmbol—especially abroad—of sheer military might. This attitude 
in large part was due to the intense veil of secrecy which in 1946 was 
drawn around the nuclear field by the first comprehensive law govern- 
ing atomic energy. 

The Atomic Energy Act of 1946 reflected all the high hopes of that 
time for peaceful uses and for international control. At the same time 
the 1946 law made all atomic development an absolute Government 
monopoly; it placed complete authority in the hands of a five-man 
civilian Commission. Strong emphasis was placed on making atomic 
weapons our paramount national defense. Only 1 viapeniiiale public 
body was entitled by law to have all the facts: the new 18-man Joint 
Congressional Committee on Atomic Energy. As administered dur- 
ing the 1946-49 period, the 1946 act effectively barred creation of a 
public opinion informed on atomic energy. Frequent reassuring 
statements by public officials encouraged the public to have confidence 
that the American atomic-energy program was sufficiently vigorous 
and productive. Such statements tended to confirm the popular 
view that an informed public opinion was not necessary to sound 
national atomic policy for peace or war. 

During the 1945-49 period—while Russia was energetically building 
up an atomic military capability—advocates of increased atomic- 
weapon research and production in the United States, meanwhile, 
met stiff resistance. Even top military policymakers did not think 
in terms of large stockpiles of nuclear weapons. 

With the announcement in September 1949 of the first Soviet atomic- 
weapon test, the Western World—especially America—was shocked 
to discover that Russia meant business. The American reaction took 
two turns: the one, feverish stimulation of atomic weapon research 
and production; the other, a wave of fear of Communist infiltration. 
Charges of espionage and subversion became commonplace. Many 
scientists and engineers who had been of a liberal turn of mind during 
the depression years of the thirties believed themselves open to public 
attack. It became a significant depressing force in the research and 
development community. This climate of suspicion was enhanced by 
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the uncovering of the actual Soviet spy achievements of Dr. Klaus 
Fuchs and others who had worked on the United States wartime 
atomic project. 

On the other hand, an attitude toward national defense approaching 
that of wartime began to take shape around the beginning of 1950 and 
was emphasized by the outbreak of hostilities in Korea later in that 
year. Larger expenditures for national defense were again acceptable 
to the American people. Uranium 235 and plutonium production 
facilities were expanded full speed. The military were urged to ex- 
pand their procurement of atomic weapons. Research on thermo- 
nuclear weapons, revived from the doldrums, was given top national 
priority. At the same time, the program for atomic submarines and 
aircraft finally began to get support of the kind needed to get results. 
Thus, for the first time, major effort began to be devoted to atomic 
military developments which could also have peaceful uses. 

With the prospect of achievement of usable atomic propulsion sys- 
tems for the Navy and Air Force, and of atomic electric-power- 
generating units for remote military bases, American industry began 
in 1950 to move onto the atomic scene in force. Several companies 
had operated production plants and carried on research activities 
under Government contract. Undoubtedly, part of their compensa- 
tion for this effort lay in the hope that someday this background 
knowledge would give them a substantial background for the develop- 
ment of peaceful commercial uses of atomic energy. 

From 1949 on more and more companies began to interest them- 
selves in the peacetime atom. Manufacturers saw a prospect of pro- 
ducing substantial numbers of atomic power and propulsion plants for 
the military, and saw also the later prospect of civilian customers of 
comparable devices. 

By the end of 1953 it was clear that American private enterprise 
was interested in carrying forward some portion, as yet undefined, of 
the burden of developing some applications of atomic energy requiring 
large research and development investments. 

In partial response to requests of private industry, but before this 
private interest came into clear focus, however, the Congress revised 
the law, adopting the Atomic Energy Act of 1954. This sweeping 
revision replaced a relatively simple Government monopoly with a 
complex structure for regulation of private activities. At the same 
time, it gave wide discretionary authority to the Commission to stimu- 
late and aid private development. ‘The new law called for an exten- 
sive shift in attitude from the previous exclusive emphasis on military 
uses by the Commission. Many new provisions required Commission 
interpretation and action before industry could tell what it could or 
could not do. The task of carrying out the new peaceful responsibili- 
ties competed for the time of the Commission organization; it com- 
peted with the continued conduct of the vast operating responsibilities 
of research, development, and production in connection with the mili- 
tary program of which the Commission had in no way been relieved. 

To some extent, the 1954 act anticipated a state of atomic tech- 
nology not yet actually achieved even now, 18 months after its 
passage. On the other hand, it was barely completed soon enough 
to give the United States the flexibility Féatlad to maintain leadership 
in the international scene. The enthusiastic worldwide reception 
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accorded to the United States proposal in December 1953 for peaceful 
international atomic development indicated that the people of the 
world were weary of living on substandard scales in the constant 
shadow of another global war. Some other nations appeared deter- 
mined to get on with peaceful uses of atomic energy without awaiting 
accomplishment of broad international controls. However, some by- 
products of such peaceful uses, particularly of atomic powerplants 
can, nevertheless, be diverted to the manufacture of atomic weapons. 
It remains to be seen whether the desire to get on with realization 
of the benefits of peaceful uses of atomic energy will force establish- 
ment of an international coatrol mechanism as the United States has 
been urging and must continue to seek, or whether, instead, the world 
will add this military potentic! to other military risks already in 
existence. 


1.2. INTERNATIONAL VERSUS DOMESTIC PRESSURES 
AND ATTITUDES 


The pressures in the United States for development of peaceful 
uses of atomic energy differ somewhat from those in other countries. 
The United States has most of the elements of a prosperous economy. 
Supplies of fuel and food, efficient productive capacities, and efficient 
distribution of goods, for example, are basic national strengths. There 
is no current urgent need for new sources of fuel for the production of 
electric energy. 

However, our present relative abundance of other energy sources 
has not lessened interest in realizing the potentialities of this new 
source of energy. Intelligent and consistent effort to develop this new 
source of power will assure that the growing energy demands of a 
dynamic and expanding economy will be fully met without the need of 
resorting to future crash-development programs. 

The Federal Government spends freely for research and develop- 
ment, however, primarily only in relation to national defense. The 
scientific community has grown accustomed to this pattern in less 
than two decades. Many scientific and engineering achievements 
useful for peacetime purposes have been byproducts of military efforts. 

In many foreign nations the pressures are quite different. England 
needs atomic power now, for it is running low in the production of 
coal and has no domestic oil supply. Many underdeveloped nations 
lack either adequate conventional fuel resources or the industrial 
complex needed to exploit them. Most parts of the world are not yet 
at the point of possessing adequate food supplies. To some countries, 
atomic energy offers the means of maintaining standards of living 
which might otherwise fall in the next decade. To others, atomic 
energy offers a possible shortcut on the difficult road to industriali- 
zation and higher living standards. 

But in some areas of peaceful atomic application having humani- 
tarian aims, all people have common interests. These are the areas 
where the least emphasis has been placed on secrecy. Steady, al- 
though relatively unpublicized progress has been made in basic scien- 
tific fields—especially medicine, public health, agriculture and animal 
husbandry. Small investments are already yielding significant re- 
turns. In industrialized nations, such as Sweden, England, and the 
United States, progress has also been steady in general industrial ap- 
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plications of atomic energy. Radioisotopes and radiation devices 
are already adding substantially to industrial efficiency in scores of 
goods-producing activities. 


1.3. PRESENT GOVERNMENT POLICIES 

American development of peaceful uses of atomic energy exists in 
the context of complex pressures, all of which must be understood if 
the whole pattern now and in the future is to be appraised realistically. 
Important among these is public attitude. Secrecy and atomic mat- 
ters were long associated in the public mind. From 1954 onward, 
this situation began to correct itself. By passage of the 1954 act, 
the Congress in a sense invited expression of public and private atti- 
tudes, problems, and pressures. Public hearings before the Joint 
Committee in February and March 1955 demonstrated the caution 
and hesitancy of private citizens in expressing their opinions of actions 
of the executive and legislative branches of Government in dealing 
with the development of the peaceful uses of atomic energy. 

The principal burden for the shift from atomic monopoly and con- 
centration on military applications to normal patterns was placed on 
the Commission. This one agency has the task of transforming itself 
from an orientation strictly military to an orientation at once military 
and peaceful. 

The rate of development of peaceful uses of atomic energy in the 
United States, for employment both at home and abroad, is controlled 
by nontechnical factors as much as by technical developments. 
There are important nontechnical areas in which Government policies 
play a controlling role. 


1.3.1. OWNERSHIP OF MATERIAL 


The 1954 act, as did its predecessor, the 1946 act, gives title to all 
special nuclear materials to the Federal Government. The charges 
made for possessing or using such materials and prices paid for the 
production of new special nuclear materials—even the prospects for 
availability of such materials—are determined by the Commission. 
Private investors can own plants but not the special nuclear material 
needed to run them. 

The 1954 act precludes the growth of a free market in special 
nuclear material, hence forces private industry to depend on the 
Commission for its economic future. The duration and character of 
the assurances of availability of materials and charges and prices for 
materials are controlled exclusively by the Commission. 


1.3.2 LicENSING AND REGULATION 


In another manner the Commission can also influence the rate of 
development; namely, through discharge of its licensing and regula- 
tory functions. The Atomic Energy Commission is not sufficiently 
advanced in its development of licensing procedures and in the pro- 
mulgation and enforcement of regulations, however, to permit evalua- 
tion of how licensing and regulatory authority will be exercised. Nor 
is industry yet at the point where Commission administration of its 
licensing and regulatory authority is being tested. Nevertheless, 
these are clearly potential mechanisms for exercise of Government 
influence on the rate of development of peaceful uses of atomic energy. 
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1.3.3. PATENTS 


The American patent system is designed to serve as a stimulus to 
private initiative and invention. In the field of atomic energy, how- 
ever, private patents derived from any relationship with the Com- 
mission can be obtained only if the Commission waives its claims to 
the inventions. Until September 1959, the Commission or other 
interested parties can take action to force the private patentholder to 
make his patent available to other potential users. These are de- 
partures from the normal patent system. To this extent the incen- 
tives of the patent system for exercise of private initiative in the 
development of peaceful uses of atomic energy differ from those on 
the normal industrial scene. 

The Commission has authority, however, to prescribe in advance the 
conditions under which it will exercise its rights to new atomic 
inventions. A mechanism has, thus, been provided for almost com- 
plete restoration of patent normalcy. The Commission has waived 
its claims to private inventions arising out of licenses, purchases of 
radioisotopes, and access to confidential restricted data. Such 
patent-policy decisions by the Commission can affect the rate of 
development of peaceful uses by private inventors. 


1.3.4. ResEARCH AND DEVELOPMENT 

Though patent policy can influence the rate of private development 
in some degree, Federal policies on the conduct of research and 
development for peaceful uses of atomic energy may well be more 
nearly controlling. 

These policies may be applied in two ways: 

The Commission has statutory authority and responsibility to con- 
duct such development either in its own facilities or by arrangement 
with others, including industrial organizations, universities, and pri- 
vate individuals. The results of all such research and development 
are public property. Access to these results is restricted only insofar 
as national security requirements intervene. 

In contrast with private industry, the Commission has in existence 
large modern research facilities completely staffed. The Commission 
has authority to conduct research and development in these labora- 
tories for private industry where such contracts will advance tech- 
nology of interest to the Commission. 

The Commission can take on such work in response to requests, 
make charges below cost and give private patent rights to private 
individuals financing such work. Military research projects and 
other projects of interest to the Commission can, however, completely 
absorb the Government laboratory capacity. Striking a balance 
between these two extremes is entirely within the discretionary 
authority of the Commission. 


1.3.5. Hazarps AND INSURANCE 

The Atomic Energy Act of 1954 requires licensees to assume full 
liability for any damage resulting from licensed private activities. 
The Commission has no discretionary authority in this area. As 
peaceful uses of atomic energy reach a stage of technological develop- 
ment sufficient to permit commercial applications, the economics of 
such applications will come to depend in some measure upon the 
actions required to insure against potential hazards to safety and pub- 
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lic health. Adequate knowledge of these hazards has not yet been 
fully developed, especially with regard to long-term effects of radiation, 
and radioactive contamination of humans, animals, and croplands. 

The risks entailed in peaceful uses of atomic energy are thought by 
some prospective private licensees and insurance companies to be 
greater than can be covered by normal insurance. Exploration of 
ways of guarding against extremes of public liability and of means of 
assuming the full extent of such risks is in progress. 

1.3.6. Secrecy AND ConTROL OF INFORMATION 

One of the complicating factors in prompt development and appli- 
cation of peaceful uses of atomic energy is the interrelationship of 
much of the technology required for peaceful uses with the technology 
required for military uses. Information of military significance 
affects national security and is therefore controlled. Although the 
Commission is encouraged by the 1954 act to disseminate atomic 
technology as widely as possible, the Commission nevertheless has 
absolute responsibility for controlling atomic information, called 
‘restricted data,’ in such way as to safeguard national security. 

A complex information control system is in effect to assure that 
sensitive information is available only to those who need it in order 
to accomplish specific national security objectives. Inevitably, there 
must be included within this category any information which might 
either disclose American military progress and intentions or aid any 
potential enemy in accomplishing comparable ends with more speed 
and less work. Social, political, and national security pressures tend 
to discourage risk taking in dissemination of such information. 

At the same time, potential private investors, denied or given only 
limited access to such information, fear that technical data of sig- 
nificance to the propriety of their own investments may be con- 
cealed from them by classification, and, thus, that much research 
effort and expense be needlessly incurred. Pressures, therefore, exist 
both for and against wider dissemination of technical atomic know- 
how. In balancing these pressures, the Commissioa and the Defense 
Department have within their complete control a powerful tool for 
varying the rate of speed of development and application of peaceful 
uses of atomic energy. 


1.3.7. FrnanctaL ENVIRONMENT 


Few peaceful uses of atomic energy have as yet any demonstrated 
presi henaty- The investment required in research and development 
requently appears to be large, and the time necessary for profitable 
completion lengthy. The growth of a private atomic industry can 
therefore be influenced through direct and indirect financial induce- 
ments offered by the Federal Government. Among these are certain 
tax advantages, Federal Government financing of vital research and 
development, waivers of charges for special nuclear materials, placing 
of Government orders for atomic products and services with commer- 
cial organizations instead of filling them in Government-owned facil- 
ities, and assurances of firm future prices for atomic fuels and for 
production of special nuclear materials in licensed plants. 
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1.3.8. MANPOWER AND EDUCATION 


Regardless of how the Federal Government and its departments 
and agencies resolve all the factors for and against rapid development 
described thus far, one factor—which is not properly identified in 
atomic laws or national policy—may very well determine the overall 
rate of peaceful atomic development. That factor is the availability 
of enough men and women with the proper skills and training. Busi- 
ness and Government, military and peaceful uses are now in vigorous 
competition for scientists, engineers, administrators, and workers with 
special skills and training in the atomic field as well as in all fields of 
science and engineering. No exhaustive study of supply and demand 
for such people in peaceful and military atomic pursuits has been made. 
The Federal Government—through its actions and policies with rela- 
tion to the support of education and by reason of demands it generates 
for such people—has vast influence in determining whether the realiza- 
tion of peaceful uses of atomic energy can be speeded. The substan- 
tive chapters of our report, which follow, should be examined in the 
light of this underlying factor of manpower supply and demand. 


14, CURRENT FRAMEWORK FOR INTERNATIONAL DE- 
VELOPMENT 


The 1954 act authorizes the Federal Government to enter into 
specially negotiated agreements with individual foreign governments. 
These agreements, called bilateral agreements for cooperation, can 
provide for United States assistance in all peaceful uses of atomic 
energy including atomic-power reactors. There is also separate stat- 
utory provision for international military atomic arrangements with 
groups of foreign countries. The extent to which classified information 
ean be given to foreign governments is balanced against the adequacy 
of the safeguards which these foreign governments can provide. 

Thus all United States international activity in peaceful uses is on 
a government-to-government basis. American manufacturers on their 
own initiative cannot tell foreign officials or businessmen any classified 
information. Only in cases where an agreement between the United 
States and a foreign government exists can such classified conversa- 
tions take place. And even then, the information must be limited to 
that covered by the agreement and must be exchanged only after 
Commission approval of the United States individuals or firms in- 
volved, and after designation by the foreign government of its author- 
ized representatives or agents. Twenty-seven bilateral agreements 
exist, of which only three provide for exchange of atomic power infor- 
mation. Some countries are not yet in a position to do more than 
send students to the United States for training in colleges, universities, 
and the special schools set up by the Commission at its laboratories 
for this purpose. Others are ready to start building research reactors, 
roughly 50 percent of the cost of which the United States has pledged 
itself to finance. 

There is nothing, however, to prevent United States citizens from 
discussing unclassified atomic information with any foreigner. There 
is nothing to prevent any foreigner from placing orders with United 
States manufacturers for atomic facilities or equipment conditional 
on approval of their respective governments under the provisions 
of present or future bilateral agreements. The availability to foreign 
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countries of nuclear fuels, fuel fabrication, and fuel reprocessing from 
the United States is discussed in chapter 9. Nuclear fuel has been 
earmarked by the United States for foreign research reactors, and 
the Commission has indicated ib expects to be able to furnish fuel 
for foreign powerplants (see vol. 2, ch. 2). 

United States participation in any international agency for the 
development of peaceful uses of atomic energy requires further con- 
gressional action in the form of approval of treaties or passage of 
laws confirming executive agreements. 


CONCLUSIONS 

Government dominance of almost all uses of atomic energy 
arising from the defense needs of the Nation—has been modified by 
the 1954 act. Now we are in a state of transition looking toward 
both Government and non-Government activities in development and 
application of peaceful uses. The framework for the transition, as 
contained in the 1954 act, needs continuous study and revision so that 
the statutory modifications required for future development of peace- 
ful uses will be achieved smoothly rather than by drastic or abrupt 
action. 

Suggestions for ways in which to modify the 1954 act and its 
administration are examined in this report, first from the standpoint 
of the various peaceful uses themselves, and then from the standpoint 
of the role of the Government. The net result is an indication of how 
the transitional framework should be changed, together with some 
suggestions as to the order in which the changes should be made for 
orderly transition. 
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CHAPTER 2—ATOMIC POWER 


Introduction and Summary. 

Technological Status. 

Electric Generating Capability in the United States. 

Growth Pattern of Atomic Power Generation in the United States, 

The Impact of Competitive Atomic Power. 

2.5.1. Introduction. 
5.2. Impact on the Electric Power Equipment Industry. 

2.5. 3. Impact on the Electric Power Generating Industry. 

5.4. Impact on Conventional Fuel Resources. 

2.5.4.1. Conventional Energy Resources. 

2.5.4.2. Impact on the Coal Industry. 

2.5.4.3. Impact on the Oil and Natural Gas Industries. 
2.5.5. Impact on the Railroad Industry. 
2.5.6. Impact on Uranium Mining and Processing Industries. 
2.5.7. General Impact Considerations. 

2.6. Conclusions and Recommendations. 


2.1. INTRODUCTION AND SUMMARY 


The growth of electric power expresses in one simple index the 
American miracle of productivity and living standards. Our electric- 
generating capability has more than doubled since the close of World 
War II, and now stands close to 115 million kilowatts. If this rate 
of growth continues over the next 25 years, the atomic-power capa- 
bility of the United States in 1980 could be larger than our entire 
electric-generating capacity now. 

Yet so huge, so complex, so adaptive, so ever changing is the 
American economy that the coming of economic electric power from 
nuclear fission would probably have many beneficial and few, if any, 
disruptive impacts. Special impact of atomic power may be hard to 
isolate, 25 years from now, from the sum of the forces which will have 
come to bear on the power economy of the world’s greatest energy 
user 

Within 25 years our total electrical output may have gone up 3 to 
5 times. If so, the national investment in generating, transmission 
and distribution facilities will have risen from around $40 billion to 
between $125 and $210 billion. 

Using forecasts favorable to a high rate of atomic-power growth, 
atomic reactors would, in 1980, still be generating less than a fourth 
of our power. Using forecasts pessimistic to the use of fossil fuels, 
steam powerplants then will still be burning more than 60 percent 
more coal than they do today. 

Changes in the pattern of coal-mining employment are taking place 
now. There may be further dislocations by 1980, but, if so, they will 
result primarily from the mining of more tons of coal by fewer men— 
not from inroads of atomic electric power. 

The oil industry could lose its entire electric-power-generation 
market, yet find this loss could be offset by 6 months’ normal increase 
in total United States petroleum demand. 
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The economics of natural gas will probably make that industry 
happy to hand over its central electric station market to coal or atomic 
power. Fourteen percent of present United States natural-gas out- 
put, which can be upgraded to domestic and other more remunerative 
uses, is now burned by utilities at low prices. The gas-distribution 
industry may even turn to atomic reactors for manufacture of artificial 
gas by gasification of coal, in order to meet demands for gas at eco- 
nomic prices. 

For the railroad industry, pithead electric-power generation and 
alternate means of coal transportation are more probable causes of 
dislocation than the capture by atomic power of a moderate share 
of a rapidly expanding power market. 

Dislocations due to fluctuating demands may occur in the uranium- 
mining industry, but, if so, they can come only from changing mili- 
tary demands, rather than from the failure of peacetime atomic 
power to emerge as a substantial customer. 

Cheap atomic power will never be free. Even with zero fuel costs, 
power users must still pay capital carrying charges, operating, main- 
tenance, and transmission expenses. And to these taxes, must be 
added for private power producers. 

Plant location is generally determined by labor supply, water 
supply, nearness to markets or raw materials. Low-cost electric 
power may, however, be the key to further mechanization, or to radi- 
cally new processes in chemistry and metallurgy, thus leading to new 
industrial patterns not now foreseeable. 

For all these many possible events to come to pass, the safety record 
of atomic reactors will have to be good. Thus, by 1980 atomic power- 
plants should already have blended unobtrusively into the metro- 
politan scene. The “insurance problem,” stemming from potential 
hazards, then should have receded into proper perspective. 

Atomic power may develop more or less rapidly than we suggest. 
If it grows more slowly, certainly it would have less impact. 

Various forces in the domestic economy may require atomic power 
to grow more rapidly. We may need to press its growth to forestall 
disruption from quite unrelated——and unforeseeable—causes. 

For example, the lower of the two power forecasts used in this report 
requires a 50-percent higher rate of coal production than the coal 
industry has ever achieved. Should problems of production facilities, 
manpower, or increased costs prevent coal from meeting the rising 
demand at competitive prices, nuclear power would come more 
rapidly. 

It is not surprising that the prospect of generating electric power 
from nuclear fission has been greeted both with overoptimism and over- 
pessimism. To some, atomic power seems to promise to remove all 
limits to our ability to produce and consume. ‘To others, it raises the 
fear of obsolescence of capital investment and disruption of employ- 
ment. Reflection upon the nature of our highly developed industrial 
economy and its adaptability to change makes it clear that there are 
no facts to support either of these extreme views. 

If one thing is clear, it is that much still be done before atomic 
power becomes widely commercially competitive. Even then, atomic 
powerplants will have to be constructed in substantial numbers 
before they will have any significant influence on the American 
economy. 
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In the long run, such technological advances as nuclear power add 
impetus to the dynamic elements of economic expansion. From the 
crucible of change comes abundance. Sudden changes in established 
economic and social patterns seldom flow from any single technological 
advance. 

No single forecast, no range of forecasts, can be devised at this 
stage of atomic-power development which will be conclusive—except 
to forecast that the manner in which the Nation approaches such 
developments will control the speed with which the benefits will come 
and the degree to which impact is felt. A generation from now we 
will probably be concerned with newer forces now just beginning to 
stir, as today we are concerned with power from nuclear fission. 
Among these forces may—or may not—be power from thermonuclear 
fusion, which is discussed in the next chapter. 


2.2. TECHNOLOGICAL STATUS 

We do not need here to inquire into whether electrical energy can 
be generated from nuclear fission. Technical feasibility has been 
established, both in the United States and abroad. 

As of January 1, 1956, plans were well along for the construction 
in this country of three nuclear fueled “demonstration” plants totaling 
400,000 kilowatts of electric-generating capacity; proposals were 
actively under negotiation for construction of four more such plants 
totaling 400,000 kilowatts. 

The first “demonstration” plant should be completed in 1957. 
Others should be finished and in operation before or during 1960. 
Experience from their operation should tell how to make nuclear power 
commercially feasible—competitive with conventionally fueled plants. 
For the purposes of the panel’s study of impact, we have assumed, and 
we believe, that atomic power will be demonstrated to be commercially 
feasible, and that a subsequent generation of atomic plants will be 
economically competitive. 

That atomic reactors can be substituted for boilers burning con- 
ventional fuels was recognized as soon as it became clear that self- 
sustaining chain reactions could be brought about in proper assemblies 
of fissionable uranium. How to do it competitively has been receiving 
increasing attention in recent years and still taxes the ingenuity of 
those engaged in the research and development programs. The various 
experiments involved in the multiple approaches must follow one upon 
another in an orderly sequence. They are time consuming, complex, 
and frequently involve expensive special experimental facilities which 
must also first be designed and built. 

The first large power-producing installations in the United States 
were for military propulsion systems for the submarines Nautilus 
and Seawolf. Cost of power was not a principal factor in these de- 
signs. These and other military reactor projects have contributed 
substantially to engineering and technical knowledge, but represent a 
course different from those which must be followed for civilian appli- 
cations. The experimental efforts carried forward by the Commission 
for civilian power have benefited nevertheless from the knowledge 
developed in the military projects. By 1953, these efforts had ad- 
vanced sufficiently to warrant the construction of the first large central 
civilian atomic-power station which would ‘‘demonstrate” the engi- 
neering, manufacturing, and operating problems involved in civilian 
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nuclear plants. This is the pressurized water reactor plant being built 
at Shippingport, Pa., as a joint Commission- “industry venture. It is 
due for completion i in 1957. 

Some of the early reactor experiments have been completed and 
have been supplanted by more advanced experiments. Proposals 
for construction and operation of “demonstration” plants, submitted 
by industry in response to a Commission invitation, are primarily 
based upon results of the research and development programs being 
carried forward by the Commission. Brief desciiptions of the various 
experiments and “demonstrations,’’ both proposed and in process, 
are given in table I. The additional projects which may result from 
proposals to develop and construct small civilian atomic powerplants, 
having 5,000 to 40,000 kilowatts of electric-generating capability, 
invited by the AEC in the fall of 1955, are not yet available. 


TaBLE I.—Civilian use reactor experiments and nuclear power demonstration plants 
actual or proposed as of the end of 1955 








: ch SRSe 
Estimated cost ! 


| (millions of dollars) 





hes | Power Research | Fabrication 
Type Sponsor | level | and and con- Total 
| kilowatts development} struction 























Pri Pri 
[AEC] vite AEC! vate 
i Pai B a en coe | Jao diedl ae at 
REACTOR EXPERIMENTS | | | 
(a) Sodium reactor experiment.| AEC-North American 2 20, 000 | 38.4 35.0 13. 4 
Aviation, Inc. | | 
(b) Experimental boiling water | AEC (Argonne National | ? 20,000 | 16.1 acid 3.6 |--------] 19.7 
reactor. Laboratory). | | | 
(c) Homogeneous reactor ex- | AEC (Oak Ridge Na- ? 5,000 | 37.0 —o iO Mieneeruad | 38.8 
periment No. 2. tional Laboratory). | } | 
(d) Experimental breeder re- |-_-... Giidicchobs ater -sd ? 62, 500 | 24.3 |.-.--. | 96.3312. nasly 39.6 
actor No. 2. 
{e) Organic moderated reactor |-_.-..do.-......--.--- shied aon once |; 2.0 ddan ghee Sheed didgadebe 
experiment. 
(f) Liquid metal fueled reactor | AEC (Brookhaven Na- |-_.-.----.---}------ Ga ee Ae ale. 


experiment. tional Laboratory). | | | 
’ | 
“DEMONSTRATION” PLANTS | 


(a) Pressurized water reactor | AEC-Duquesne Light |460-100,000 |59.6 |__._- 32.25 | 15.5 |107.35 
(in operation 1957). & Power; Westing- 

house Electric Co. | 

(6) Boiling water reactor (in | Commonwealth Edison 4 180, 000 Rift SOLES pam 45.0 























operation 1960). | etal, | 

(c) Fast Breeder Reactor (in | Detroit Edison et al.- 4 100,000 | 3.45 leenneh 0 [wee ichoose 
operation 1959). AEC, | | | 

(d) Pressurized water reactor | Consolidated Edison-_- 4 140,000 |_____- sammace a 655.0 | 55.0 
(in operation 1959). | 

(e) Aqueous homogeneous re- | Pennsylvania Power & * 150,000; (®) | (®) | (6) (6) (®) 
actor (in operation 1962). | Light et al.-AEC. | 

(f) Sodium graphite reactor | Consumer’s Public | 475,000 (10.48 |...__- 10 | § 16.72 | 27.2 
(in operation 1959). | Power District of Ne- | | | 

braska et al.-AEC. 
(g) Pressurized water reactor | Yankee Atomic Electric | ‘134,000 | 7.5 |------ 0 ifm 0 | 40.5 


(in operation 1958). | Co. et al.-AEC, 


| 


1 Cost estimate covers start as of July 1953. Earlier costs for civilian application reactor experiments total 
$21.3 millions. 

2 Thermal. 

3 ames not given. AEC participation in total, $10.55 millions; NAA participation, $2.85 millions. 

* Electrical. 

5 Represents total private participation, portion allocated to research and development not given. 

6 Estimate not available. 
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The competitive status of electricity generated from atomic energy 
cannot be appraised until actual construction and operating experience 
is in hand. All we have now are calculations based upon plans. 
Taken together with known reactor technology and assumptions as to 
fuel costs, these calculations indicate that atomic power could be com- 
petitive wherever conventionally generated power costs are high. 
Long-term Commission policies relating to such matters as fuel costs 
and plant design are additional factors which will affect the general 
competitive status of nuclear power. These considerations are dis- 
cussed in more detail in chapter 16. 

Despite the fact that hundreds of millions of dollars have already 
been spent on bringing atomic power to its present state of develop- 
ment, it is clear that we are still at the beginning of this new art. 
Those most deeply involved in developing this new technology have 
called attention to the speed with which developments are coming 
and have cautioned that reactor types which appear most promising 
today will undoubtedly be improved and possibly superseded by ex- 
periments already underway. 


2.3. ELECTRIC GENERATING CAPABILITY IN THE UNITED 
STATES 

The usefulness of forecasts of the growth of the atomic-power in- 
dustry in the United States depends upon the accuracy with which 
the growth of the total economy can be estimated. Particularly, they 
depend upon the accuracy of forecasting growth in those segments of 
the economy concerned with electric power. 

Forecasts concerning a subject so vast and complex as the present 
study must be constructed of many assumptions. That these assump- 
tions will have a high content of fallibility is obvious. Thus, there is 
little chance that any forecast can do more than give a fix or bearing. 

We have examined many forecasts of the rate of growth of the 
electric-generating capability of the United States. We find uni- 
formity mainly in their variability. Some underlying assumptions 
in every case are subject to question. Hence, we feel that it would 
be unsound to use any forecasts as more than indications of range 
and direction of the trend of the future electric-generating capability 
of the United States. 

There is no assurance that the upward movement of our economy 
will continue, regardless of the environment prevailing. The net 
trend of the past 25 years has been upward. Since World War II 
our economy seems to have entered a dynamic phase sufficiently 
strong to provide momentum for continued growth. All forecasts of 
electric-power generating capability in the United States reflect with 
more or less optimism this confidence in growth. 

We feel that the actual growth of electric-generating capability 
in the United States may fall within the range of existing forecasts. 
We do not assert that the lower limit will in fact be reached, nor that 
the upper limit will not be exceeded. We only say that a good measure 
of what seems reasonable lies within these limits. The guidelines 
provided by these forecasts outline the area within which nuclear 
power will have an opportunity to grow. 
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The two forecasts of growth of United States electric-generating 
capability which we have selected as indications of the lower and 
upper growth prospects are as follows: 

Lower forecast 

Estimated future power requirements of the United States 
(exclusive of industrial and railway generating capability) 1954-80, 
Federal Power Commission, October 1955. The peak loads in 
this forecast have been increased by 15 percent for reserves to 
arrive at figures for installed capability, and growth is predicated 
on an average annual increase of 4.9 percent. 


Upper forecast 
Forecast published in the issue of the magazine Electrical 
World, dated September 19, 1955. This forecast is for the period 
1954-70 and is predicated on an average annual increase of 7.3 
percent. It has been extrapolated at 6% percent annual increase 
to 1980. This forecast is in terms of installed capability (ex- 
clusive of industrial and railway generating capability) and in- 
cludes 22 percent reserves over peak demand from 1958 onward. 
A summary of the two forecasts is given in table II and in figure 1, 

following. Fuller details are given in volume 2, chapter 2. 


TABLE II.—United States total electric-generating capability 


{In millions of kilowatts] 





Annual additions Total installed capability 








| 
Lower range | Upper range Lower range | Upper range 
| 








q 1.3 | 11.3 103. 7 103. 7 
Naan 7.5 | 12.8 160.3 166.9 
NE eae a Tr Rf set eewoceae 9.5 | 14.8 203. 6 232.0 
Tia ee tate e btben 9.9 | 19.9 249. 4 320. 0 
1975__ a EN iil alas 11.2 25.8 301.2 438. 4 
he thes bhansontelidiclieseckiddaibbenl 12.3 | 36.7 358.5 600. 7 
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FIGURE 1 
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2.4. GROWTH PATTERN OF ATOMIC POWER GENERA- 
TION IN THE UNITED STATES 

For the growth of any nuclear power generating capability to occur 
in the United States, it must be firmly based on technological knowl- 
edge, and in engineering and operating experience. The required 
technological, engineering, and operating data can come only from 
research, development, and construction of plants of experimental, 
pilot and full-scale size. This takes time. New accomplishments 
in fuel fabrication and reprocessing, as well as in the broad fields of 
chemistry, metallurgy and physics are required. Experience of the 
past 5 years makes it clear that such developments can only be ac- 
complished in an orderly way. Frequently they hold little immediate 
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promise for private profitability, since there are as yet no markets 
in which such developments can be exploited. This is the funda- 
mental reason why Government has had to bear the initial responsi- 
bility for exploration of this potential resource. As the day draws 
closer when economic feasibility can be foreseen, industry has in- 
dicated an ever-increasing willingness to assume a share of the respon- 
sibility. 

Impact from atomic power can come from exploring this field 
technologically, as well as from its commercial application. Thus 
two different determinations, as yet not clearly embodied in Govern- 
ment policy, must be made as to the urgency of getting on with 
atomic power. The first relates to the need for or desirability of 
technological development of atomic energy as a power resource; 
the second, related to the first, involves the rate at which this resource 
should be commercially developed. 

The prospect of an indefinitely expanding national economy which 
may require as much as 600 million kilowatts of installed electric- 
generating capacity or more by 1980 makes it clear that the Com- 
mission must explore this nuclear resource by a continuous program 
as promptly and efficiently as possible. In doing so it will be neces- 
sary not only to build pilot or experimental nuclear plants, but also 
full-scale ‘demonstration’ atomic powerplants of each new and 
promising major reactor size and type. These are essential to permit 
development of the kind of engineering and operating data required 
for any intelligent decision as to how this particular resource can 
best serve the Nation. 

Private enterprise should carry a substantial part of the burden of 
research and development, including construction and operation of 
full-scale “demonstration” plants. By ‘demonstration’ we mean 
providing experimental and engineering data from which economic 
feasibility can be deduced reasonably. Where private enterprise 
does not assume the risk, we believe that the Commission should 
support expeditious development, if necessary, even up to and includ- 
ing construction of one ‘‘demonstration”’ plant of each major reactor 
size and type with public funds. In any event, we believe that con- 
tinuing responsibility should rest with the Commission to encourage, 
and, where necessary, support basic research and development in this 
field. 

The quantities of electricity which seem likely to be generated from 
“demonstration” plants—built either by private industry alone, by 
Commission-private combines, or by the Commission alone—are 
unlikely to amount to any significant proportion of the Nation’s total 
generating capability. Present proposals for ‘““demonstration”’ plants 
include every promising major reactor type on which sufficient 
experimental data exists to permit decision as to the advisability of 
full-scale plant construction. Yet total generating capacity from 
these plants will not reach 1 million kilowatts by 1960. This will, 
in fact, be only a fraction of 1 percent of our total generating capacity 
at that time. 

The “demonstration” plants now underway are exclusively large— 
over 60,000 kilowatts—plants. Taken together, they constitute an 
orderly and sound exploration of atomic energy as a power resource 
for large integrated electric utility systems in mature industrial 
economies. 
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An invitation has been extended by the Commission for proposals for 
small to medium-sized atomic-power “demonstration” plants. Such 
plants, on becoming economically competitive, could constitute espe- 
cially suitable power sources in the United States for small, non- 
integrated or rural utility systems, and for single or remote industrial 
or mining power uses. As a type, they would be far more suitable in 
many foreign markets than large-sized nuclear plants. 

We recognize that small and medium-sized atomic powerplants were 
thought less likely to be economically competitive at an early date, for 
technical reasons. The importance of such plants, however, on the 
international scene—as well as on the domestic—and the opportunity 
which they afford for a bold demonstration of United States tech- 
nological leadership give their development a high sense of urgency. 
This subject is discussed in more detail in chapter 9. The present 
development program is therefore deficient to the extent that appro- 
priate ‘‘demonstrations”’ of the small and medium-sized types are not 
now underway. 

The urgency associated with accepting the challenge to United 
States world leadership, together with the need for establishing atomic 
energy as a power resource available to assist in maintaining maximum 
expansion rates of the American economy, require that an effective 
development and “demonstration” program of all major reactor sizes 
and types be carried forward at high priority. If progress is not 
expeditious and efficient, with private enterprise bearing its full share 
of the responsibility, it is clear that the Federal Government has a 
fundamental obligation to carry it out. Although private participa- 
tion in this program is desirable, it should not be obtained at the cost 
of delay. 

In this connection it must be pointed out that the prospects for 
profitable return on investment, at this stage of research and develop- 
ment, are admittedly not high. There are many risks uncommon to 
private industry which exist under the rules governing this stage of 
atomic-power development as set forth in law and as administered by 
the Commission. We discuss in subsequent chapters ways in which 
we believe a better balance might be struck in bringing to bear all of 
the managerial and technological talents of both Government and 
industry. 

The urgency for commercial exploitation of atomic energy as a 
major power resource in our domestic economy will be determined by 
economic factors which are different from those significant in the 
urgency determination for technological exploration. 

We have noted that electricity must be available for economic 
expansion. Availability of electricity at attractive prices may be 
conducive to even broader economic expansion. ‘The presence of 
atomic energy as a competitive alternate power resource may have 
great influence on prices of conventional fuels, and in providing the 
Nation with a foundation for economic expansion soundly based on 
abundant energy supplies. Although the United States has conven- 
tional fuel resources, it can, of course, not now be clear whe ei these 
will continue to be available in sufficient quantities, and at costs 
favoring the maximum rate of economic expansion. 

Around 1960 we should have adequate technological information at 
hand on which to base judgment of the economic possibilities of atomic 
energy as a power resource. After this date we should be in position 
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to continue development and exploit atomic energy—at whatever rate 
the economy might require—as a source of electricity, and in com- 
petition with electricity from conventional fuels. Decisions made on 
the basis of data which should be available around 1960 could result 
in economically competitive atomic powerplants coming into operation 
3 to 5 years later, or around 1965. 

Thus 1965 marks, approximately, the earliest time at which widely 
competitive atomic-power generation is likely to begin in the United 
States. 

The rate of growth of atomic-power-generating capability can be 
forecast by two principal methods: one is to assume that the atomic- 
power industry will follow the normal growth pattern of new tech- 
nologies as they become economically competitive. Alternatively, an 
attempt can be made to analyze the various estimates which are 
available concerning the movement of the cost components of atomic 
power and the comparable cost components of conventional power, 
thus indicating when atomic power will become competitive under 
various postulated circumstances. 

Here again the methods of forecasting are subject to considerable 
uncertainties. The first method depends solely upon judgment of 
the forecaster and the optimism with which he approaches the subject 
matter. The second depends upon tenuous assumptions of costs, 
future financial and political environment and market conditions. 
Both methods usually result in a growth rate expressed in terms of a 
percentage of growth of the total generating capability which, as we 
noted in the previous section, is in itself uncertain. 

We do not believe that a study of the impact of the growth of 
atomic power requires the establishment of more than a reasonable 
range within which the actual growth of this capability may fall. 
For this purpose we have chosen upper and lower values as our basic 
range to define the area of impact, and where appropriate, have in- 
quired into the effect of the uncertainties which are involved. This 
range is illustrated in figure I and is shown in table III. These values 
were derived from a basic study of nuclear growth rates prepared for 
the panel by a special study group. These data appear in volume 2, 
chapter 2. 


TABLE III.—United States atomic electric-generating capability 


{In millions of kilowatts] 





| 
| Annual additions | Cumulative installed capability 





| | | 
| ae | 
| Lower range | Upper range Lower range Upper range 


PE Makan wenden Camas eee eb aaatedes Leute akehetinnsbaltins ras ecesntnbemee. Less than 1____| Less than 1. 
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cakes nkc ll each cine eid a tennieine sind denied 1 IPD J ates nena nies 9, 
ARE Te Tse 5 | ya} 19a), ck CL eee 45 


It must not be assumed that the median based upon economic 
factors used for the impact study is a forecast of the rate of growth of 
atomic-power-generating capability. Other factors may accelerate or 
retard the rate of growth. Among these other influences will be vari- 
ous Government policies, including the possibility of extensive pro- 
grams for the construction of publicly subsidized or publicly owned 
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nuclear powerplants. These and other factors of an accelerating or 
retarding nature are discussed in subsequent chapters dealing with 
the role of Government. 

Nevertheless, it is interesting to note in table III that the amount 
of atomic power which may be in existence by 1975—only 15 years 
after the operation of the first generation of demonstration atomic 
powerplants and only 10 years after the start of an atomic-power 
industry—may equal 40 percent of the electric-generating capability 
of the United States today. 

In 1975, however, the total United States electric-generating capa- 
bility may stand between 3 and 4 times that of today. If the estimates 
of total 1975 electric-generating capability are compared with esti- 
mates of atumic power for that same year, the proportion of atomic 
power in 1975 may be somewhere between 5 and 15 percent of the 
total. 

This section must end with a strong note of warning against attempts 
to extrapolate forecasts beyond the cutoff date used in this report. 
We have stated our reservations concerning the data from which the 
forecasts must necessarily be constructed. Our reservations increase 
as the forecasts advance further into the future. Twenty-five years 
from now totally unforeseeable factors may have come to bear upon the 
Nation’s power economy. 


2.5. THE IMPACT OF COMPETITIVE ATOMIC POWER 
2.5.1. INTRODUCTION 

With the advent of a new technology which makes possible exploita- 
tion of energy sources heretofore untapped, the possibility of great 
change in the economic environment becomes great. In a reasonably 
well developed environment, however, the capacity for accom- 
modation of the new technology is usually equally great. 

Before discussing the specific areas of potential impact related to 
the development of atomic power, several facts bear restating. An 
atomic-power reactor is a complex, expensive, and potentially hazard- 
ous machine. It is not a small black box in which one only has to put 
a lump of fissionable material. It cannot be transported in the 
luggage compartment of an automobile. It requires for its fabri- 
cation highly specialized techniques and materials. Its design 
demands a knowledge and ingenuity possessed today by relatively 
few people in the world. The task of bringing this source of power into 
reality is as great as is the challenge it offers to our society. 

2.5.2. Impact ON THE Exectric Powrer EquipMENT INDUSTRY 

If total electric-generating capability in the United States increases 
as shown by the higher forecast in figure I, p. 35, and is all produced 
from conventional plants estimated to have construction costs averag- 
ing $150 per kilowatt, generating-equipment sales for the period 1960 
through 1980 could reach over $65 billion. 

If approximately 135 million kilowatts of the above total generating 
capability are atomic (see fig. I), it would result in equipment sales 
in the neighborhood of $27 billion. This figure includes reactors, 
turbines, generators, and related equipment (but not transmission 
and distribution), and is based on an estimated average capital cost 
per kilowatt for the 1960-80 period of $200. 
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Thus an increase in equipment sales volume of roughly $7 billion 
results from installation of atomic instead of conventional plants. 
This sum is equivalent to the sale of some 45 million kilowatts of 
conventional plant capacity. 

Established equipment manufacturers have shown interest in this 
new technology. Their interest in practical exploitation is in keeping 
with the ready acceptance of technological change characteristic of 
the post-World War II period. 

This ready acceptance of atomic power is in contrast with the 
slow acceptance of many previous important inventions. A con- 
tributing factor is customer pressure from operating utilities, based 
both on psychological and factual grounds. Another factor is the 
advantage to equipment manufacturers of staking out the competitive 
markets early. 

This potential volume of specialized equipment sales has attracted 
new organizations to the field. Of these, many have had previous 
heavy equipment manufacturing experience; others are new, estab- 
lished specifically to enter the atomic-power field. To the extent 
that background technical information is available to industry, it 
would appear that the organizations just entering the field come into 
it with the same opportunity as established electric power equipment 
manufacturing firms. As a practical matter, this is not the case, 
however. Prime contractors to the Commission have already accumu- 
lated experience and personnel which should give them an immediate 
competitive advantage. However, competition between new and old 
and large and small companies engaged in the manufacture of atomic 
powerplant equipment and instrumentation is already keen. It will 
mount in intensity for the increasing long-term domestic civilian 
reactor business as it is now doing for more immediate foreign and 
military reactors. 

Many factors enter into consideration of competitive capabilities. 
Government policies and legislation ere important influences in this 
new field, which for so long has belonged exclusively to the Govern- 
ment and in which substantially all patents belong to the Government. 

One factor which will influence the competitive capabilities of all 
manufacturers will be the availability of scientific, engineering, and 
specially skilled personnel. Because of its importance to the success- 
ful prosecution of the peaceful uses of the atom, this shortage will be 
given continuing mention in this report. This problem is not, how- 
ever, peculiar to atomic power equipment manufacturers; hence the 
manpower situation is discussed as a whole in chapter 13. It is worth 
noting also at this point, because in some instances new entrants in the 
power equipment manufacturing field could gain competitive advan- 
tage solely by employment of specialists in reactor technology. 

Equipment manufacturers, and those who would become manufac- 
turers, are already experiencing a shortage of specialized manpower. 
At present, competition for such personnel can almost be said to 
exceed competition for reactor sales. The demand for specialists now 
employed directly by the Commission or by its prime contractors is 
high and disconcerting. Training of new personnel is underway but 
as now planned will probably not keep up with demand during the 
next 15 to 20 years in spite of formal education, Commission pro- 
grams, programmatic retraining or on-the-job training. 
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2.5.3. Impact ON THE Exvectric Power GENERATING INDUSTRY 


Atomic energy promises a whole new energy resource for the electric 
power generating industry. Despite the importance of this new 
resource, it appears that the use of atomic power will cause no major 
changes in the character or pattern of this industry. A kilowatt of 
electric energy at the consumer’s light socket carries no characteristic 
which identifies the source of the steam used in the powerplant. 
Turbine and generator operation may not be substantially different 
as between atomic or conventional plants. If anything, present and 
even foreseeable atomic designs may force a return to lower tempera- 
ture techniques. 

The nuclear portions of civilian powerplants do introduce problems 
not associated with conventional plant operation. Factors controlling 
location of both types of plants include load centers and availability of 
cooling water. Atomic plants must also take into account the 
hazards peculiar to nuclear reactors. By drawing attention to this 
factor it is not intended to imply that unreasonable hazards are 
involved. It would appear that the extensive investigation of this 
problem, and the precautions being taken by the Commission in 
establishing safety criteria in each case make catastrophes highly 
improbable. Current insurance problems should become less signifi- 
cant with the accumulation of experience and knowledge, and therefore 
need not be long-term deterrents to atomic power growth. (See 
ch. 14.) The additional safety factor introduced by locating plants 
in areas where, in cases of accident, injury to personnel and damage 
to property will be minimal may have some minor effect on the 
power generating industry. Established patteras will not be greatly 
affected, however, as a result of consideration of safety and hazard 
problems. This conclusion is particularly applicable to areas where 
power systems are well integrated and interconnected, and therefore 
holds for all of the populous high-power-consumption areas of the 
United States. 

Protective techniques to assure the safety and health of operating 
personnel are reasonably well developed and present no unusual bur- 
dens. Assurance that short- and long-term deleterious effects of radi- 
ation can be avoided rests on compliance with radiation dosage guides. 
The best opinions available indicate that the safety levels established 
do not materially add to the complications of plant operations. For 
more extended discussion of this particular subject see chapter 14. 

We have already noted that it will not be possible to determine 
with any accuracy what the prospective costs of electricity from atomic 
energy are likely to be until the initial exploration phase is completed 
around 1960. It may well be that the adequate information will not 
be available until the second or third generation of such ‘‘demonstra- 
tions’ are completed late in that decade. There is a possibility that 
these developments will lead to lower-cost electric generation. There 
is no prospect of free electricity: Generation, transmission, and other 
costs remain. We can conceive of developments which would result 
in prices below those: now paid for electricity from any conventional 
plant. The stimulating effect that such low-cost power could have 
on the use of electricity could also be a force in continued rapid 
growth of the economy of the Nation. 

We have examined the thesis that the possibility of low-cost atomic 
power might change the character of the utility industry by providing 
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a competitive yardstick and stimulant to very rapid growth of demand 
and generating capability. It is our belief that the effect of low-cost 
atomic electricity on the utility industry will be no different than has 
been the effect of low-cost electricity from other ehergy sources, such 
as waterpower. While these developments have provided ‘a starting 
point for new economic expansion and a stimulant to conventional 
generation at lower prices, we do not see any radical change in the 
character of the utility industry directly attributable to these develop- 
ments. Such effects as are observed relate to the users of electricity 
more than the generating industry. (See General Impact Consid- 


erations at the end of this chapter, sec. 2.5.7.) 
2.5.4. Impact ON CoNVENTIONAL FurL REsoURCES 
2.5.4.1. Conventional Energy Resources 
As the world’s largest energy user, the United States is fortunate 
in having some of the world’s largest conventional energy resources. 
These are so large as to have t tended to generate a national attitude of 
complacency about meeting future energy requirements. 
Conventional fuel reserves of the United States and 1955 consump- 
tion, compared with the rest of the free world, are noted in table IV 
following. (For details see vol. 2, ch. 2.) 


TABLE IV.—Fossil fuel reserves and current consumption 
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1 See Department of Interior Report, vol. 2, ch. : 
2 See Report on Petroleum Industry, vol. 2, ch. 

Of the total energy nem in the United States—for electric 
power as well as for all other purposes—42 percent is supplied by 
oil, 29 percent by coal, 25 percent by natural gas, and 4 percent by 
falling water. 

The United States economy is an energy-consuming economy ; 
future economic growth will require higher energy output. Atomic 
energy may eventually be applied over much of the range to which 
conventional fuels are now applied, including propulsion (see ch. 7) 
and process and space heating (see ch. 8). 
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The specific impact of atomic electric power on conventional fuels is 
discussed in the following sections: 


2.5.4.2. Impact on the Coal Industry 


Central station power generation in 1955 accounted for 140 million 
tons of bituminous coal production or close to one-third of total 
United States bituminous coal consumption. It is estimated that 
the quantity of bituminous coal required for central station power 
generation will increase continuously during the next 25 years, if 
atomic power makes no inroads. The most serious effect on the 
coal industry would come about if atomic power achieved competitive 
status between 1965 and 1975, and rapidly captured the entire market 
for new generating capacity and replacement installations. It is 
this extreme which we now examine. 

The degree of impact of such a development would, of course, 
depend on the size of other markets for coal at that time, as well 
as on other factors. To examine the significance of demand for coal 
for electric power generation, a forecast was prepared by the Depart- 
ment of the Interior for the panel. (See vol. 2, ch. 2.) This forecast 
indicates that during the period 1960 through 1975 coal consumption 
might be expected to follow the pattern indicated in Table V, follow- 
ing, if coal requirements for power generation are based upon the 
high and low values of the range shown in figure I. 


TABLE V.—Forecast of coal-consumption pattern 


{Millions of short tons] 


l l l 
1960 1965 | 1970 1975 1980 
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If atomic generating capacity grows as illustrated by the range 


forecast in figure I, the coal displaced by nuclear power and the net 


requirements for coal for power would be approximately as shown in 
table VI, following: 
TaBLeE VI.—Coal displaced by nuclear power and net requirements for coal for power 
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It is immediately apparent that if the growth of atomic generating 
capacity reaches 135 million kilowatts by 1980 and if the total generat- 
ing capacity approximates 600 million kilowatts by the same date, no 
disruption or dislocation in the coal industry can be expected. If 
this set of conditions prevails, a potential market for coal will be lost 
to the extent that atomic power dispiaces coal in the total generating 
capacity. The market for coal for generation of electricity will still 
be between 4 and 5 times the present power market for coal, hence 
this loss should not constitute a point of economic vulnerability or a 
focus of disruptive effects. 

In order to explore the problem further, consideration should be 
given to the least optimistic situation from the standpoint of the coal 
industry. In this case, the total generating capacity of the United 
States follows the pattern of the lower values of the range given in 
figure I, and reaches 358 million kilowatts in 1980. At the same time 
atomic generating capacity might follow the pattern of the higher 
values given in figure I, reaching 135 million kilowatts in 1980. The 
portion of the power generation market which would be open for coal 
is thus seen to be 223 million kilowatts or almost twice the present 
total electric power generated today. In terms of coal, reference to 
table VI reveals that under these conditions 227 million tons will still 
be required for power purposes in 1980. Thus, in this case, the coal 
industry would have to supply over 60 percent more coal to the power 
industry than it is doing today. 

In spite of a continued increase in bituminous production, the 
technological advances in the industry will in all likelihood continue 
to exert a strong influence on employment. 

According to Department of the Interior estimates, present produc- 
tivity averages 9 tons per man per day. In the most efficient mines, 
production reaches 20 tons per man per day for underground mines, 
and 40 tons per man per day for strip mines. Productivity, accord- 
ing to these estimates, is expected to increase at least to an average of 
15 tons per man per day by 1980. The bituminous coal industry to- 
day employs about 360,000 miners. On the basis of 200 working days 
a year, the labor force required in United States coal mines for the 
period between 1955 and 1980 can be expected to decline to 320,000 
people if total generating capacity rises from 115 million kilowatts in 
1955 to 600 million kilowatts in 1980, of which 135 million kilowatts 
are atomic. On the other hand, under the least optimistic outlook for 
the coal industry, with 358 million kilowatts of total generating capac- 
ity in 1980, of which 135 million are atomic, employment could drop 
to 175,000 miners. The major part of this decline, however, would 
result from the normal downward trend which exists as an effect of the 
increased productivity per minec. 

While this downward trend of employment in the coal industry is 
a problem undoubtedly already being considered in other quarters, it 
is important that the possible acceleration of this trend attributable 
to the potential growth of atomic power be given early recognition. 

Some observers feel that there may be a plateau of bituminous 
coal production in the neighborhood of 550 million tons a year. On 
the basis of an average trend which has persisted since approximately 
1940, bituminous coal production would presumably hold its absolute 
position at or around the 550-million-ton mark over the next decade. 
Coal thus may not be able to participate in meeting expanding de- 
mands for electric energy, except at the expense of other coal customers. 
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Furthermore, the downward employment trend in the coal industry 
may contain an element which presages for the United States the 
experience of other countries where men have become reluctant to 
work in the mines, thus making manpower a limiting factor in coal 
production. If indeed this should happen, it would appear that a 
total generating capacity in the neighborhood of 150 million kilowatts 
supplied by coal would represent close to the maximum possible based 
on this fuel, on the assumption that other demands for coal continue. 
The absence of other sources of energy would then effectively retard 
or prevent economic expansion unless and until coal production could 
be increased. Mechanization and improved methods of transporta- 
tion may provide higher volumes of coal output at competitive costs. 
Certainly if economic growth is to continue even on a less optimistic 
basis than that which indicates a total power requirement in 1980 of 
600 million kilowatts in installed capacity, a real challenge is posed 
for the coal industry. 

The realization of nuclear power as a practical source of energy 
should be welcomed by the American people including those related 
specifically to conventional fuel industries. While in particular 
instances nuclear power may displace power generated from conven- 
tional fuels, in most cases it will provide a necessary supplement to 
those fuels in meeting the Nation’s rapidly expanding power require- 
ments. But even where it does displace conventional fuels, those 
fuels may find uses that are more profitable to those who produce them 
and of greater value to the Nation’s economy. ‘The gasification of 
coal is a good example. Using atomic energy as the heat source for 
that process, it may be possible to conserve our more limited and irre- 
placeable petroleum resources. 


2.5.4.3. Impact on the Oil and Natural Gas Industries 


Ultimate reserves of oil and gas in the United States, excluding the 
adjoining continental shelves, are presently estimated to total under 
120 billion barrels and 725 trillion cubic feet, respectively. These 
estimates take into account significant improvements in recover- 
ability which have been accomplished or appear to be in promise for 
the future. Current consumption of oil in the United States is 
around 3 billion barrels a year and consumption of natural gas is 
approaching iO trillion cubic feet. Of this total, approximately 2 
percent of the oil (including domestic and imported residual fuel oil) 
goes to the manufacture of electricity and 14 percent of the natural gas 
is used for this purpose. 

Most of the natural gas that goes to the production of electricity is 
“off-peak” gas sold at a modest price, on an interruptible service 
contract. This permits pipeline operators to maintain proper work- 
ing pressures and movements in the pipelines, and thus enables the 
lines to meet the peak-load demands of the higher paying domestic 
consumers. With gradual development of underground storage 
facilities as a means for maintaining pipeline operation, the sale of 
natural gas to the electric industry should show a corresponding 
decline. The residual fuel oil used by the electric utility companies is 
the end product of the distillation process, and provides a very low 
return to the domestic refiners. 

In view of the rather small percentage of oil and natural gas used for 
the purpose of generating electricity and the progress being made 
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toward reducing such low-profit use, it is unlikely that there will be 
any significant loss of revenue by the oil and natural gas industry due 
to the growth of atomic power. This conclusion is particular!y true if 
one considers that, even should atomic power capture the entire market 
for new or replacement powerplant installations, existing plants re- 
quiring conventional fuels would serve out their useful lives. The 
more likely case that nuclear and conventional fuels will share the 
power generating market serves only to strengthen the conclusion on 
impact just stated. 


2.5.5. Errect or NucLEAR POWER ON THE RAILROAD INDUSTRY 


Atomic energy may affect rail transportation in three ways: As a 
means of propulsion in locomotives; in generating electricity for rail- 
road electrification; and through increases and changes in freight 
patterns as well as industrial growth which may be introduced as a 
consequence of a nuclear power industry. The use of atomic energy 
for locomotive propulsion is discussed in chapter 7. 

The railroad electrification potentialities of atomic power are not 
significant. During the era of steam locomotives, railroad electrifi- 
cation did appear to present certain economic advantages. In com- 
parison with diesel locomotives, bowever, electrification lost its ad- 
vantage. During the 20-year period between 1955 and 1975 it is 
doubtful that this relationship will be changed significantly by the 
advent of atomic power. Even if atomic power costs do follow the 
most optimistic forecasts, other factors such as traffic densities and 
electrification costs will likely favor diesel or gas turbine operation over 
electrified operation. 

Consideration, however, should be given to the effects on the rail- 
road industry which may result from changes in the economy made 
possible by the growth of atomic power. Coal is the largest single 
commodity carried by railroads in the United States. It represents 
one-fourth of the ton-miles of traffic handled. Much of this coal 
hauled by railroads is used by the electric power industry. We have 
seen that coal will continue to be used in increasing quantities for 
electric power generation. Thus, if there are changes in coal haulage 
patterns, they will come about because of such developments as the 
location of coal-burning electric power stations near coal mines or 
along water routes, rather than from atomic power. 

It is entirely possible that certain large industrial users of electricity 
may change their new plant location patterns because of flexibility 
afforded by atomic power. Such changes would be limited for the 
most part to those special situations in which power is a substantial 
contributor to the value of the product involved. Obviously, changes 
brought about under these conditions are more likely to affect new 
plants and would not normally mean abandonment of existing installa- 
tions. Thus, while changes in railroad movements may occur, from 
the advent of atomic power, these will be overshadowed by the much 
greater changes resulting from the expansion of the overall economy. 


2.5.6. Impact oN UrantumM MINING AND ProcEssinG INDUSTRIES 


Uranium mining and milling have come of age as parts of the present 
extensive atomic energy complex. Government expenditures for geo- 
logical studies and exploration, for proving of reserves and for building 
roads to serve working mines, have received impetus from military 
requirements. Supported by a ‘Government ore-buying program 
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which extends through 1962, private investment in uranium explora- 


tion, mining, and milling has grown to substantial proportions. To 
improve or even continue to hold the position attained, exploration 
for new deposits and development of reserves must go forward. 

These are some of the elements which enter into a consideration of 
the impact of the growth of a civilian atomic power industry on ura- 
nium mining and milling. Other elements, which are discussed in 
greater detail in chapters 15 and 16, include competition between civi- 
lian and military requirements, the conflict between Government 
ownership of materials and the development of civilian atomic power 
in a free market and the like. 

Depending upon the choice of the reactors used for atomic power, 
annual raw-material requirements to meet the growth forecasts in 
figure I, can vary within a rather wide range. Some require large 
inventories of fuel within the reactors, others require substantial 
inventories of materials in the fuel element processing or reprocessing 
lines. Of greater significance than the type of reactors used, however, 
in considering the impact on uranium mining and milling is the time 
scale of the growth forecast for atomic power. If it is assumed that 
military requirements continue at projected levels and that present 
sources of uranium ore operating at planned levels continue to be 
available, there will be adequate supplies of uranium for an atomic 
power industry of the size forecast by the higher values of the range 
shown in figure 1. This conclusion can remain valid during the period 
of the forecast, in spite of some variation in military requirements and 
even if some of the power reactors in operation at any given time in 
the period are types requiring very high uranium inventories. ‘The 
continuing validity of this conclusion arises out of the fact that any 
changes in demand can be foreseen for a period sufficiently long to 
provide more than adequate lead time for remedial action. 

On the other hand, if military requirements fall off during the early 
part of the forecast growth of atomic power, a surplus over civilian 
needs may exist. Under these conditions the effectiveness of mecha- 
nisms for maintaining the stability of the uranium-producing industry 
will be stringently tested. As in the case of conventional fuels, the 
industry itself, if it is to do more than pay lipservice to the concept of 
free enterprise, must build toward a position in which it can survive 
through a period of declining demand and maintain its vigor to meet 
the challenge of future energy needs. The extent of the obligation 
of Government to concern itself with such problems of the uranium 
mining and processing industries—as they relate to the peaceful 
uses—must be considered in the context of the urgency for, and the 
amounts of atomic fuels required by, domestic and international atomic 
power programs. (See ch. 16 for discussion of Government uranium 
procurement policies.) 


2.5.7. GENERAL Impact CONSIDERATIONS 


The discussion above reflects the weight of available judgment to 
the effect that nuclear fuels: (1) Will almost certainly compete and 
very likely make possible lower power costs than conventional fuels 
in present high-cost power areas; and (2) will probably at least com- 
pete with conventional fuels for power generation in all areas except 
those in which fuel transportation costs are negligible. It is not 
entirely clear that the accomplishment of the capabilities just men- 
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tioned will occur by the 1965 date used as the starting point in the 
forecast of the growth of an atomic-power industry. It must therefore 
be remembered that if the somewhat less optimistic forecasts for 
capital costs per kilowatt of generating capacity or fuel costs actually 
apply, a growth lag can occur, possibly extending as much as 15 years 
beyond 1965. The problem then arises as to whether private industry 
will remain interested enough over such a long period of time to invest 
the funds required to bring about competitive status. 

The trend that results from such a generalized forecast is toward 
the equalization of power costs at lower levels in all areas. At first 
glance, a wide variety of changes in industrial patterns would appear 
to flow from such a conclusion. The interplay of such factors as the 
availability of labor, raw materials, water, transportation costs, and 
accessibility to markets is, except in a few special industries, of greater 
importance than power costs. On balance, these factors often lead 
to industrial decentralization and even to the formation of new indus- 
trial centers, such as is now taking place. The equalizing cost trend 
brought about by the advent of atomic power should contribute to 
this movement as well as bolster economic expansion. 

Thus, while there has been conjecture that in industries involving 
high electrical energy inputs major plant relocations could be expected 
with the advent of atomic power, it is unlikely that such changes due 
primarily to this factor will be extensive, or that existing installations 
will be abandoned during their useful lives. For example, with respect 
to the aluminum industry, it has been postulated that if atomic 
power becomes available, reduction of bauxite to alumina and thence 
to aluminum could take place at the foreign source of the raw material 
or at a point close to the domestic market for metallic aluminum. In 
this way several of the shipping charges now involved could be 
eliminated, with consequent cost reductions. However, there is some 
question whether material changes in the present pattern would be 
warranted, even if atomic power costs are below those presently 
anticipated. It is argued that the difference in tariffs and shipping 
costs between raw bauxite or alumina on the one hand and finished 
metal pigs on the other, together with the lack of assurance of stability 
and protection for large capital investments made in foreign areas, 
are also elements which contribute to the conclusion that the avail- 
ability of atomic power in the context of presently foreseeable costs 
will not materially change the production patterns which now exist. 


2.6 CONCLUSIONS AND RECOMMENDATIONS 


Atomic power gives promise of becoming an important new resource 
for the generation of electricity. For the expanding economy of the 
United States and less highly developed countries seeking ways to 
raise their levels of industrialization, atomic power provides reason 
for optimism. 

The bright promise of the future must not hide the fact that large 
sums of money and years of effort must be spent to bring atomic power 
to a point where it can be used effectively and widely on a competitive 
basis. Unless and until research and development demonstrate that 
atomic power can be economically feasible, there can be no substantial 
impact. 

Private enterprise should carry a substantial part of this research 
and development program, including especially the construction of 
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full-scale ‘“demonstration” plants. Available financial incentives to 
encourage private enterprise in this respect are discussed in chapter 16. 
But in the event that industry does not take on the full risks and 
burdens, such a program should be supported by the Commission, even 
to the construction with public funds of one full-scale ‘‘demonstra- 
tion”’ plant of each major reactor size and type. 

The present development program is deficient to the extent that 
appropriate “demonstrations” of the small- and medium-size types 
are not now underway. ‘The urgency associated with accepting the 
challenge to United States world leadership, together with the need 
for establishing atomic energy as a power resource available to assist 
in maintaining maximum expansion rates of the American economy, 
require that effective development and “demonstration” of all major 
reactor sizes and types be carried forward at high priority. If progress 
is not expeditious and efficient, it is clear that the Federal Government 
has a fundamental obligation to carry it out. Although private 
participation in this program is desirable, it should not be obtained at 
the cost of delay. 

The rate of growth of atomic power will depend to a large degree on 
the rate of expansion of our total economy. By 1975 atomic power 
could amount to 20 to 40 percent of presently installed electric-generat- 
ing capability in the United States. If this occurs, however, it will 
be in the context of a total generating capability of 3 to 4 times present 
levels. 

The net domestic impact of atomic power should be beneficial to 
individual consumers and to industry. Disruptive influences, even 
on specific industries most directly affected, are likely to come—if 
at all—over periods of time long enough to permit orderly adjust- 
ment. In specific industries popularly assumed to be most vulnerable 
to atomic inroads—coal, for example—such dislocation as appears 
possible would come from a welter of forces more complex and more 
overriding than atomic energy alone. 

If atomic power is exploited as a source of electric power at a rate 
consistent with sound technological, economic and public policy con- 
siderations, the impact will be totally beneficial at home and abroad. 

We recommend: 

1. that the Congress, the American people, and the people of 
the world recognize that large sums of money and years of 
effort must be spent to bring atomic power to a point where it 
can be used effectively and widely on a competitive basis; unless 
and until research and development demonstrate that atomic 
power can be economically feasible, there can be no substantial 
impact; 

2. that, in the event that industry does not take on the full 
risks and burdens, the Commission should support a program 
to bring atomic power to a point where it can be used effectively 
and widely on a competitive basis, even to the construction 
with public funds of one full-scale “demonstration” plant of 
each major reactor size and type; 

3. that the urgency associated with this program requires that 
the technological resources of atomic power be fully explored 
with high priority; and 

that atomic power be exploited as a source of electric power 
at a rate consistent with sound technological, economic and public 
policy considerations. 
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CHAPTER 3—CONTROLLED THERMONUCLEAR POWER AND 
DIRECT CONVERSION OF RADIATION ENERGY 


Introduction and Summary. 

Controlled Thermonuclear Power. 
Direct Conversion of Radiation Energy. 
Conclusions and Recommendations. 


3.1. INTRODUCTION AND SUMMARY 

We have discussed in the preceding chapter the status and promise 
of atomic electric power from fission. ‘Two other possible approaches 
to the generation of electric power from atomic energy must also be 
noted. The first and presently more promising involves the harnessing 
under controlled conditions of energy released in reactions of light 
elements. This is commonly called controlled thermonuclear, or 
fusion, power. The second approach seeks to bring about the direct 
conversion of nuclear radiation to electrical energy in usable form. 

The concept of power resulting from controlled thermonuclear 
reaction has stimulated widespread enthusiasm because it could 
conceivably provide an unlimited energy resource beneficial to all 
people. It would use as fuel the light elements—such as hydrogen 
isotopes—abundantly available on the earth. In addition, most 
thermonuclear reactions make neutrons available. If such reactions 
can be sustained, neutrons captured on a large scale could lead to 
conversion of natural uranium and thorium into fissionable materials 
which could be used as energy resources. 

At this early stage of development of controlled thermonuclear 
devices there are no responsible estimates of what costs might prove 
to be. In fact, it is too early to make any prediction as to whether 
electric power can be generated commercially by controlled thermo- 
nuclear reaction. If it should be, however, it will not be free, since 
there will necessarily be large capital carrying charges, as-well as 
operation and transmission expenses. 

The possibility of breakthrough to unlimited energy resources war- 
rants the establishment of high priority for these lines of development. 
But in our enthusiasm, it is necessary to remember that scientific 
accomplishment requires orderly research and development as well 
as maximum interchange of ideas and information. 

Direct conversion of radiation into electric energy has been accom- 
plished, but on an extremely small scale and at very low efficiencies. 
It is already proving useful in limited and highly technical applica- 
tions. The great importance of direct conversion lies in the fact that 
it might eliminate the high cost and low efficiency involved in present 
known means of conversion of energy into electricity. It is conceiv- 
able that controlled thermonuclear devices may lend themselves to 
direct conversion, but the prospect of such a development cannot be 
explored until a controlled thermonuclear system has itself been 
achieved. 
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CONTROLLED THERMONUCLEAR POWER 


“(The following discussion is based upon Commas ations from the 
Atomic Energy Commission, which appear in vol. 2, ch. 3:). 

Through the controlled thermonuclear program ’ being conducted 
by the Commission, an effort is being made to bring about the con- 
trolled release of energy from the fusion of light nuclei with the 
ultimate objective of providing another source of electric energy. 
Similar programs are being careied forward in the Soviet Union, the 
United Kingdom and other countries. The process of fusion involves 
the merging of two extremely light nuclei to form a heavier nucleus, 
and this process is accompanied by the release of energy. One light 
element nucleus which could be useful in this process is deuterium, 
an isotope of hydrogen. In view of the enormous amount of deu- 
terium in sea water (even though in a concentration of only 1 part 
in 6,400) the achievement of the controlled release of energy from 
deuterium fusion would make available a source of energy virtually 
without limit. It is possible to think of using other lightweight 
elements in the fusion process. 

In order to bring about the fusion of light nuclei, it is necessary to 
provide them with sufficient energy of motion to overcome natural 
forces of repulsion. The energies which are required to overcome these 
natural forces correspond to temperatures of several hundred million 
degrees. 

It is clear that no container made of ordinary material can confine 
the reaction zone at these temperatures. Media conceivably capable 
of fulfilling this task are electric or magnetic fields, the appropriate 
use of which may serve to insulate the walls of the reaction chamber 
from the exceedingly high temperature at the center. 

In view of the many basic problems still to be resolved before there 
can be any assurance of success, it is exceedingly difficult to estimate 
the time scale for the development of a controlled thermonuclear 
machine, or the probable characteristics of such a reactor once it is 
developed. It is reasonable to expect that some technological 
“breakthrough”? may be required in order to achieve success. It is 
virtually certain that no full-scale reactor will be developed in the 
next year or two; it is, however, highly probable that success will be 
achieved eventually. Even after the development of an operating 
prototype of a full-scale thermonuclear machine, many more years of 
intensive effort would very likely be required to develop an economi- 
cally competitive source of -Aeretet: im power. Once again, the 
availability of numbers of well qualified scientists and engineers will 
have an important bearing on this time scale. 

Thermonucilear power units give promise of being extremely safe. 
The amount of fuel normally present within such machines would be 
extremely small. The possibility of a serious hazardous accident due 
to the failure of any component or any arbitrary mistake on the part 
of the operator is virtually negligible. In addition, unlike a fission 
reactor, there are no fission products to spread about, even in the 
unlikely event of an accident. It must be noted, however, that if a 
thermonuclear machine is developed which consumes hydrogen 
isotopes such as deuterium as a fuel, it could produce intense fluxes of 
neutrons and care would have to be taken to provide adequate 
shielding for this radiation. 
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It should be noted in addition that the intense neutron fluxes just 
mentioned could make possible the production of fissionable materials 
through the irradiation of such fuel materials as uranium or thorium. 
In other words, upon the achievement of the goal of controlled 
thermonuclear reactions, one may achieve the corollary of an economy 
rich in fissionable material. The parallel development of a fission 
power program consuming the fissionable materials produced in 
thermonuclear systems would thus appear to be required. 


3.3. DIRECT CONVERSION OF RADIATION ENERGY 


The importance of direct conversion of radiation into usable electric 
power can probably best be appreciated from a reconsideration of the 
operating characteristics of fission power reactors. The generators, 
heat exchangers, and other appurtenances needed to convert the 
energy produced in a nuclear reactor into electricity make up half or 
more of the total cost of any foreseeable economically competitive 
atomic powerplant. These are essentially the same generators, heat 
exchangers and turbines that are involved in conventional power- 
plants. Furthermore, only 25 percent of the energy available in the 
reactor will actually appear on the transmission line as electricity. 
It is the prospect of raising this 25 percent to some higher figure, as 
well as the reduction in plant cost, which is the basis for the importance 
of exploring direct conversion methods. 

Various techniques for converting radiation into energy have been 
developed. Well known among these are thermocouples and atomic 
batteries. All such devices conceived thus far are capable of only 
extremely small energy output. These lines of endeavor do not appear 
likely to result in the production of massive quantities of electricity 
for general purposes. ‘They do have some interesting possible applica- 
tions, however, especially in the electronics industry and as control 
devices. 

It is at least conceivable that some one of the approaches to con- 
trolled thermonuclear power may lend itself to direct conversion of 
the energy of radiation to electric energy. While this might add to 
the attractiveness of the prospects for low-cost energy from controlled 
thermonuclear reactions, fusion power itself, as we have noted above, 
is not yet sufficiently far along to permit or even warrant any serious 
examination of what a combination of controlled thermonuclear 
power and direct conversion might mean. It calls for too extreme 
extrapolations of techniciul data and tends to result in sensational 
observations which have no way of being checked with reality. 


3.4. CONCLUSIONS AND RECOMMENDATIONS 


Controlled thermonuclear power and direct conversion of radiation 
energy are subjects which stimulate men’s imaginations. We have 
come to the conclusion that we can contribute nothing in the way of 
sound estimates of future impact in the absence of better data and 
on the basis of the speculations available to us. Exploration of these 
areas offers a great challenge to the best scientific minds in the world 
today. 

There are military im:plications, however, which would come with 
the availability of special nuclear material as a byproduct of con- 
trolled thermonuclear power. Within the limitations of national 
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security considerations which these impose, we believe that this entire 
area of scientific and engineering development warrants the maxi- 
mum interplay of ideas. We note the recent decision by the Commis- 
sion to make available information about its controlled thermonuclear 
program to United States citizens holding permits for access to secret 
restricted data. As private citizens, we would hope that the day 
will come when world conditions will permit all those able to contrib- 
ute to thermonuclear power to learn all there is to know about it. Of 
greater present importance is the development of procedures by which 
more people can contribute freely to it. 

This is a truly frontier research project. It concerns a basic energy 
resource which could have impact on the economics of the entire world. 
The Government has a clear obligation to give it full support as well 
as to stimulate scientific contributions from every quarter. At the 
same time there is also an obligation to the public and to those being 
encouraged by the Federal Government to invest in nuclear fission 
power to see to it that they are allowed to have sufficient information 
about the feasibility of nuclear fusion power to have an adequate 
foundation upon which to base a determination for themselves of the 
propriety of their investments and actions. 

We recommend: 

1. that the Commission, within the limitations which national 
security considerations impose, permit the maximum interplay of 
scientific and engineering ideas, and develop procedures by which 
more people can contribute to the controlled thermonuclear pro- 
gram in the United States; and 

2. that the Commission, in encouraging investment in nuclear 
fission power, see to it that investors have sufficient information 
about the feasibility of nuclear fusion power upon which to 

base determinations for themselves as to the propriety of their 
investments and actions. 
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CHAPTER 4—MEDICINE AND PUBLIC HEALTH 


Introduction and Summary. 

Technological Status. 

4.2.1. Medical Research. 

4.2.2. Radiation Therapy. 

4.2.3. Radioisotopes in Diagnosis and Therapy. 

Impact of Atomic Developments in Medicine and Public Health. 
Future Research and Development. 

4.4.1. Objectives. 

4.4.2. Shortage of Medical Personnel. 

4.4.3. Educational and Research Facilities and Personnel. 
4.4.4. Educational and Research Equipment and Materials. 
4.4.5. Communication of Information. 

4.5. Conclusions and Recommendations. 


4.1. INTRODUCTION AND SUMMARY 

Atomic energy is being used today in medical research, diagnosis, 
and therapy. Although public attention has been focused on radia- 
tion treatment of cancer, the widespread availability of new atomic 
research and diagnostic tools appears to be the most significant con- 
tribution of atomic energy to medicine and public health. 

The principal social impact of atomic developments in the medical 
field is expected to be improved health and longer life for the indi- 
vidual, and increased productivity and a larger proportion of aged 
persons for the Nation as a whole. 

The increasing medical use of atomic energy emphasizes the 
existing problems of shortages of doctors, nurses, medical school 
facilities, and medical research centers. It will be necessary to pro- 
vide both present and future medical personnel with opportunities to 
acquire knowledge and training in the atomic field, and to stimulate 
new means of setting up appropriate working relationships with other 
scientific disciplines such as biochemistry, biophysics, and radiology. 
To do this, construction and staffing of adequate research centers 
and establishment of atomic energy facilities in existing institutions 
will be necessary. 

Atomic energy techniques have their dangerous as well as their 
beneficial side. As the public becomes more radiation conscious, both 
the medical profession and individual citizens seem likely to give 
increasing consideration to a more judicial use of radiation. The 
medical profession may profitably explore the institution of adequate 
recordkeeping of radiation dosages received by individuals, and some 
measure of control over radiation use—such as is the case with narcotics 
today. 

The communication of atomic energy information is an important 
key to improving our medical knowledge and facilities. It is essential 
that all the latest data available in atomic medicine and health, 
including knowledge about the hazards of radiation, be promptly 
communicated to the public, the medical profession, and State and 
local bodies responsible for sound public health policy. 
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The strides made by the United States in atomic development in 
the medical and public health field create an obligation to utilize 
this new knowledge to the utmost for the benefit of our own people, 
and provide the Nation with an opportunity for leadership in bring- 
ing these new developments within the reach of less-developed areas 
of the world. 


TECHNOLOGICAL STATUS 

Atomic energy is being used in three ways in medicine and public 
health: for research; in therapy; and to provide diagnostic and 
clinical tools. 

4.2.1. MepicaLt Researcu 

Radioisotopes—eleme nts differing from normal ones only in their 
radioactivity—permit man, for the first time, to trace the life process 
while in progress: how the body grows, fights disease, and carries on 
its functions. In some cases, radioisotopes can be absorbed directly. 
In other cases, organic compounds must be synthesized or specially 
produced. 

With these new tools, the medical profession can make many new 
discoveries about living organisms. As new facts are uncovered, 
other medical problems will come into focus and additional avenues 
of research will open up. We may be about to understand what life 
itself is. 

Radioisotopes also help us study the effects of radiation on specific 
parts of living organisms. More massive sources of radiation, now 
available from atomic reactors, permit studies of various types and 
quantities of radiation on the human body, leading to the arrest and 
even cure of some ailments which have heretofore defined science. 
4.2.2. RapiaTion THERAPY 

A new medical therapy reactor is being built at Brookhaven by the 
Commission for treating brain cancer. Joint private-Government 
plans exist for similar facilities at other places. Large cobalt 60 
therapeutic devices are beginning to replace the more expensive and 
hazardous radium formerly used in hospitals. 

The use of reactor radiation for therapy is still in the relatively 
experimental stage. More widespread use of these and standard X- 
ray devices is certain, although radiation is not likely to become a 
universal replacement for surgical treatment of cancer. 


4.2.3. RApIoIsOTOPES IN DIAGNOSIS AND THERAPY 

The use of radioisotopes for both diagnosis and therapy is becom- 
ing standard practice. An estimated 50,000 patients have already 
been treated with them. Two radioisotopes are already accepted 
pharmaceuticals. The number of individuals who appear likely to 
benefit from the therapeutic uses of radioisotopes will increase as new 
applications evolve. 

Radioisotopes are being used in diagnosis throughout the country. 
Clinical diagnosis with radioisotopes, such as blood-volume determi- 
nation, can be made more accurately and much faster, thus shorten- 
ing the hospital stay and effectively increasing the number of avail- 
able hospital beds. Other diagnostic use of radioactive isotopes in- 
clude: exact location of some malignant tumors; and analysis and 
prompt diagnosis of various disorders of the heart and blood system. 
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Some or all of these techniques are now employed in 870 hospitals 
and medical clinics out of a total 6,970 in the country. The number 
of hospitals using the technique is growing. In the past 9 vears, an 
estimated 500,000 patients have been given radioisotopes for diagnostic 
purposes. 


4.3. IMPACT OF ATOMIC DEVELOPMENTS IN MEDICINE 
AND PUBLIC HEALTH 

The impact of medical applications of atomic energy is beneficial, 
since it means continued medical progress, the alleviation of suffering 
and the prolongation of life. 

For the individual, atomic developments in medicine—added to 
other medical discoveries—should mean fewer days of sickness, fewer 
days in hospitals, and a longer, more useful life. For society as a 
whole, the cumulative effect of atomic and other developments in the 
field of medicine will mean more men and women on the job every 
day, greater productivity, larger populations and a greater proportion 
of elderly people. 

We must develop the ability to support a larger percentage of our 
population while they enjoy the vears which have been added to their 
lives. Our past practice of regarding men and women of 65 as being 
at the end of their useful working lives will have to change. 

Developments in the medical aspects of atomic energy offer oppor- 
tunities for forthright leadership. The manner and speed with which 
these benefits are brought to all people may have much to do with 
world regard for the United States. Economic benefits should also 
result: more people living healthy and normal lives in other countries 
will not only produce more goods themselves but also provide markets 
for American goods. Rising standards of living in foreign countries 
mean better economic relationships between ourselves and other 
peoples. 

Atomic development has its medical dangers as well as its medical 
benefits. Unless an accurate tally is kept of the radiation each pa- 
tient receives, long-term injuries, such as more rapid deterioration, 
may result. Clearly, indiscriminate use of radiation—either from 
radioisotopes, radiation therapy devices, X-rays, or other sources 
can be as harmful as indiscriminate use of narcotics, which are closely 
regulated. These radioactive tools and radiation techniques should 
be employed only when some positive good is to be accomplished. 
For this exercise of care and discretion, there is no substitute for 
adequate numbers of medical personnel properly trained. 

As the public learns more about radiation, and as the medical 
profession becomes more cognizant of the significance of the total 
radiation dosage each individual receives in his lifetime, pressure 
may build up for better recordkeeping and control. It is unreasonable 
to have rigid standards for dealing with atomic energy and no control 
at all over the cumulative amount of radiation an individual can 
receive from such radiation sources as X-rays and fluoroscopy. 

As the average citizen becomes more radiation conscious, the 
medical profession may be influenced to use X-rays and all forms of 
radiation more judiciously than is presently the case. The day may 
come when every citizen should have a personal record of radiation 
dosage received in the course of diagnoses and therapy. The medical 
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profession may find that it needs this tool for proper study, control, 
and treatment. 


4.4. FUTURE RESEARCH AND DEVELOPMENT 
4.4.1. OBJECTIVES 


It is very difficult to appraise what these new lines of approach and 
future research and development may mean in quantitative terms. 
We cannot estimate how many people with cancer may survive 
during the next 25 years who would otherwise have died. We cannot 
estimate how many individuals suffering from loss of blood in auto- 
mobile accidents may recover because of improved blood volume 
determination techniques. We cannot estimate how many people 
will live to an older age and lead longer, more useful lives because of 
knowledge which will come from the laboratories. 

Man now has new tools to ease suffering and prolong life in an 
increasing number of instances. The full exploitation of all that these 
make possible is the objective. 

The urgency is as high as our value on men’s lives. Here is an 
opportunity for the exercise of American leadership which could go 
far toward demonstrating to the entire world the ability of our free 
society to bring forth humanitarian benefits. 

The speed with which we make medical progress in the atomic 
field depends on three principal factors: training of an adequate 
number of doctors, nurses, and technicians; construction and staffing 
of adequate research facilities; and provision for rapid communication 
of the most advanced medical knowledge. 


4.4.2. SHORTAGE OF MeEpicaL PERSONNEL 


The basic need for a far larger number of doctors, nurses, and 
technicians is evident without relationship to atomic energy In 
the past 30 years, the increase in number of doctors in the U nited States 
has exceeded the population growth by only 6 percent. There is now 
approximately 1 doctor for every 740 people as compared with 1 for 
every 790 people in 1925. Increased medical knowledge, however, 
has resulted i in increased specialization. 

There is probably no single sweeping means of obtaining a rapid 
increase in the numbers of trained medical personnel in the country. 
The need is so basic, however, that it behooves all governmental 
bodies, industrial and civic groups to take an active part in remedying 
the situation. No young man or woman who has the capacity and 
desire to enter the medical, nursing or medical research professions— 
including biophysics, biochemistry, radiology, ete.—should be turned 
away for want of fac ulties, fac ‘ilities or funds. (The general problem 
of education and manpower is dealt with in detail in ch. 14.) 

4.4.3. EpuUCATIONAL AND ResbarcH FAcILirigs AND PERSONNEL 

Adequacy of facilities for education is all the more important, in 
view of the shortage of medical and technical personnel. Few uni- 
versities or medical schools today offer formal courses in biophysics, 

radiobiology, or tracer chemistry. Medical students generally have 
little contact with these subjects. A recent survey of 80 medical 
schools in the United States indicated that students receive no training 
in the clinical use of radioisotopes in 35 schools and less than 10 hours 
of such training in 28 schools. Almost all medical schools agreed that 
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tracer studjes, diagnostic tests, and therapeutic uses of atomic radia- 
tion should be a part of their curricula, but few schools without such 
training now are planning to add it. 

Even graduate students are limited ia the available opportunities 
for learning the techniques involving radiation and radioisotopes. 
Twenty institutions now provide prec eptorial training for postdoctoral 
students in the clinical use of radioisotopes. The only complete 
basic instruction in such techniques is a 4- or course given at the 
Commission’s Oak Ridge Institute of Nuclear Studies. Since its 
inception on June 28, 1948, a total of 1,534 peayle have attended 
this course, approximately half of them being in medicine or related 
fields. All three National Laboratories—Brookhaven, Argonne, and 
Oak Ridge—have facilities for training “guest’’ investigators, espe- 
cially during the summer months. But for the most part, American 
medical and postdoctoral students today are going into practice 
without any real knowledge of the general effects of radiation or the 
techniques made possible by the availability of radioisotopes. 

Correction of this deficiency in medical training lies partly with 
facilities and partly with faculties. One solution to the problem of 
attracting better and more alert men and women to teaching the 
medical sciences appears to be that of establishing more atomic 
energy facilities at which research, application, development, and 
clinical use can be pursued simultaneously. Such facilities could aid 
in better training of students and teachers and at the same time con- 
tribute to the retraining of doctors, nurses, and technicians already 
in practice. 

At least three types of such training and research centers are already 
in existence: basic investigative centers such as the National Labora- 
tories; regional deve lopment centers for clincial studies like Memorial 
Hospital in New York, Argonne Cancer Hospital in Chicago, M. D. 
Anderson Hospital in Houston, and Lovelace Clinic in Albuque rque; 
and area centers like the Veterans’ Administration isotope laboratories, 
where the results of proved clinical applications can be put into broad 
use. This program seems to be in need of expansion in numbers at 
the present time. 

Such facilities should be established and supported jointly by 
Government and private interests, and should not be limited in 
objective to medical activities. In fact, it is only by bringing together 
many related scientific disciplines that medical de ‘velopme nts will be 
stimulated to the maximum. While the existing large Government- 
financed atomic research centers are making magnificent contri- 
butions to American science, some have tended to become the private 
preserves of those already associated with them. At any rate, the 
facilities now in existence are inadequate to permit large enough 
numbers of people to pursue these activities. 

The problem of stimulating medical research using atomic energy 
is intertwined with the problem of training both students and faculties. 
Additional financial aid in the expansion and establishment of medical 
research centers with minimum administrative and political restric- 
tions would appear most likely to give the greatest net benefit. The 
money is needed for facilities, training, and people, not for more 
administrative overhead. While coordination of such aid is important, 
it should appropriately flow from Federal, State, local, and private 
sources. 
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4.4.4. EpUCATIONAL AND RESEARCH EQUIPMENT AND MATERIALS 


The cost of equipping medical schools, hospitals, and clinics with 
the tools necessary to permit the use of radioisotopes and radiation 
varies from a few thousand dollars to very large sums. For example, 
the Veterans’ Administration has estimated that radioisotope labora- 
tories can be developed in hospitals at costs ranging from $2,000 to 
$75,000. Simple lead shields for protecting handling personnel from 
the hazards of low-level radioisotopes are low in cost, yet the simplest 
type of fully equipped scaling circuit and counter—essential for com- 
plete protection—costs $1,000. A single probe scanning scintillation 
counter for use in delineating tumors costs $3,600. An adequate 
radioisotope handling room costs $3,000 to equip. At the upper end 
of the scale is a complete research reactor facility: the plant and 
building can cost as much as $1 million and the subsequent cost of 
running a program is on the order of $150,000 per year. 

As noted above, only 870 hospitals and clinics out of 6,970 have 
radiation and radioisotope handling facilities today. Roughly half 
the medical schools in the country have no facilities to aid in teaching 
these techniques to their students. 

There is a real possibility that high energy particle accelerators and 
research reactors will be needed to an increasing extent as adjuncts 
of hospitals, clinical centers, and medical schools. The radiation 
instrument industry estimates $20 million as the total medical market 
for radiation and radiation detection instruments over the next 5 
years, an estimate that may be too low. The total level of investment 
required appears to be outstripping the capacity of the present 
financing structure of support for all types of medical facilities. 

A particular area where cost alone is limiting both research and 
practical use is that of so-called radioactively labeled organic com- 
pounds. While nearly 1,000 labeled compounds are now available 
from 25 commercial companies, the cost of many of these excludes 
their use in human subjects even on an experimental basis. Means 
must be found for stimulating cost-reduction programs so that these 
materials may be put to work without the artificial restrictions im- 
posed by high cost. 

A “bank” which could purchase long-lived radioisotopes in larger 
quantities, synthesize or contract for the preparation of radioactive 
compounds in larger volume, and hence get costs down is one sugges- 
tion which appears to have merit. Such a “‘bank’’ could be jointly 
financed by users and suppliers alike, with Government assistance, 1f 
necessary. 


4.4.5. COMMUNICATION OF INFORMATION 


The research and training now going forward in radiation and 
radioisotope applications is largely the result of the individual initia- 
tive of the diverse groups involved. Hospitals and clinics have 
undertaken a wide variety of activities in these fields essentially in- 
dependently of the Commission, which has conducted, directly and 
by contract, a vast amount of research. As a result, overlapping 
occurs. 

This is reasonable and scientifically sound—up to a point. As 
more and more organizations—State, private, and Federal—become 
engaged in atomic research and training there will be more overlaps, 
with consequent overtaxing of our limited trained manpower. 
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Centrally directed research is anathema to a vigorous scientific 
community. Nevertheless, it might prove wholesome for the medical 
profession to have a central clearinghouse, where any organization or 
individual engaged in medical research or application of radiation and 
radioisotopes could find out on a completely current basis just who is 
doing what on a particular subject. Only by interchange of technical 
information on radiation and radioisotopes can the items of individual 
significance be made meaningful for the whole scientific community. 

Communication of medical information, including atomic develop- 
ments, is especially essential in converting the latest knowledge about 
the hazards of radiation into sound public health policy. State and 
local codes for sound public health policy and uniform enforcement 
can be achieved only through rapid dissemination of all of the best 
data available. Failure to do this can lead either to imposition of 
unnecessary restrictions or to toleration of excessive risks. 

An important example of the need for prompt and thorough com- 
munication of this kind of information is the pressing and growing 
problem of the hazards involved in the use of radioisotopes and radia- 
tion in medicine. This applies both to the patient and to the han- 
dling personnel. 

The results of new developments related to the problems of hazards 
must be disseminated promptly, if all medical users of radiation and 
radioisotopes are to be able to work effectively and safely. (See ch. 
14.) 


CONCLUSIONS AND RECOMMENDATIONS 
We feel that a high priority must be set on means for bringing higher 
health standards to our people and the peoples of the w orld through 
the beneficial use of atomic energy in medicine and public health. 
As individuals learn to recognize these beneficial aspects, they will 
begin to lose their fears of atomic energy arising from the fact that 
hitherto their attention has been focused on its military applications. 
In setting forth the recommendations below, we have purposely 
refrained from suggesting specific methods of financing. It is our 
strong feeling, however, that medical institutions and research centers 
should not assume a passive role and expect the Government, and more 
especially the Commission, to assume all or even a major portion of the 
responsibility for providing research facilities, equipment, and mate- 
rials. Government monopoly of atomic energy for weapons was wise 
and necessary, but this monopoly must not be allowed to extend itself 
into the medical field, with all the concomitant dangers of secrecy, 
concentration of research, and control over facilities and personnel. 
Any Government assistance afforded the medical and public health 
professions should flow from all the various governmental agencies 
concerned with health, education, and research, and should carry with 
it no implication of Federal control over medical practice or research. 
If maximum benefit is to be gained from the advances in medicine 
and _— health made possible by atomic energy, it is necessary to: 
provide all medical schools with adequate facilities for 
aan in atomic medicine techniques; 
2. create additional research centers with all appropriate 
equipment, including reactors; 
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3. design low-cost atomic medical equipment suitable to the 
needs of the 6,100 hospitals and medical clinics without atomic 
facilities and provide at least minimal facilities to this group as 
rapidly as possible; 

4. make available at reasonable prices the now-expensive 
radioactively labeled organic compounds essential for research 
and therapy; 

5. assure prompt availability of current atomic developments 
in the field of medicine and medical research, with opportunity 
for full interchange of latest data and without interference of the 
independence of medical research investigators; and 

6. inaugurate a nationwide educational program on the more 
judicious use of radiation and the need for better recordkeeping 
of the exposure of individuals to radiation from all sources. 





CHAPTER 5—AGRICULTURE 


5.1. Introduction and Summary. 
5.2. Technological Status. 


5.2.1. Plant Breeding. 
5.2.2. Tracer Research. 
5.2.3. Blight and Pest Control. 
5.2.4. Crop Storage. 
5.2.5. Irrigation. 
5.3. Domestic Impact. 
5.4. Foreign Implications. 
5.5. Conclusions and Recommendations. 


5.1. INTRODUCTION AND SUMMARY 


Peaceful uses of atomic energy in the field of agriculture are a 
significant addition to the many other modern me vide of improving 
farm technology. Domestically, these technological improvements 


will mean increased productivity and lower costs for individual far- 
mers. For the Nation as a whole these higher vields could, if widely 
achieved, intensify the already grave problem of farm surpluses. 

In the international field, atomic applications, together with other 
American improvements to farm technology will give the United 
States dramatic opportunity to lead underdeveloped, undernourished 
nations to higher living standards. 

Atomic radiation has already resulted in the breeding of useful new 
plant varieties. We can hope to develop many more—types adaptable 
to wider ranges of climate, rain and soil; more resistant to diseases and 
insects; tailored to mechanized cultivation and harvesting. 

By using atomic tracers in research we will learn more about the 
life processes of plants and animals—how and when to fertilize plants 
what to feed animals, how to make more efficient insecticides and 
medicines. 

Progress in each of these lines would have continued, even without 
the aid of radiation and radioactive tracers. But these new atomic 
tools are powerful. They will add great impetus to the technological 
revolution in agriculture. 

We may, therefore, expect higher farm output, more flexibility as 
to the crops and animals produced, and ultimately more varied diets 
at lower costs. 

These are not benefits which will happen automatically as a result 
of technological progress. None of them will come suddenly; most 

cannot be achieved until food producers learn to adopt the modern 
Seales lieben and products of atomic agricultural developments. The 
time lag between the invention and the adoption of new technologies 
by the farmer, however, is diminishing, and it is likely that wide- 
spread interest in atomic energy will speed the adoption process. 

The entire world appears to have new opportunity in atomic energy 
to move forward to an age of food abundance. America’s present 
farm surplus problem may even reflect the pattern to which atomic 
applications in agriculture may eventually lead, wherever men are 
willing to learn and apply new ideas 
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In underdeveloped nations, these powerful new atomic tools will 
help bridge the gap between scarcity and abundance. In the United 
States, where we already have enough—and in some cases more than 
enough—they will intensify the problems of overproduction. 


TECHNOLOGICAL STATUS 
Peaceful atomic uses in agriculture come about primarily through 
(1) research in which radioactive isotopes are used to trace the life 
processes of plants and animals; and (2) the use of radiation to speed 
the evolution of new strains of these organisms. 
Pitant BREEDING 
A basic application of atomic energy in agriculture is in use of 
atomic radiation to speed the evolution process. This is only an 
extension of the work which has been going on for three decades using 
X-rays to increase genetic mutation rates. The coming of atomic 
energy means radiation sources of greater and more flexible use in 
connection with plant breeding. By exposing living plants, insects, 
viruses, and even animals to man-controlled atomic radiation, it is 
possible to induce new species and subspecies at a more rapid rate. 
In one case, it is estimated that 9 years of conventional plant breeding 
results were accomplished in 18 months. By increasing the total 
number of such changes, the entire process of natural selection can be 
speeded. The small percentage of good variations still have to be 
winnowed from the many bad ones before they can be put to work on 
the farm. For example, the following accomplishments have already 
been ower through the use of radiation (see vol. 2, ch. 5): 
Barley.— Dense heads, stiff straw, tall straw, higher yield of 
ie: and straw. 
Oats.—FEarliness, higher yield, stem-rust resistance, short 


stems. 
Wheat.—Stem-rust resistance, higher yee 
4. Corn.—Shorter or taller stalks, earlier or later ripening, 


meee to lodging. 
. Peanuts —Leaf-spot resistance, higher yield. 

We ¢ can expect crops better able to prosper in spite of drought or 
excessive rainfall, early and late frosts, specific nutrient deficient soils, 
and other regional, climatic, and seasonal variations which have in 
the past strictly limited the entire character of agriculture throughout 
the world. 

At least on a laboratory scale, the day of the tailormade plant seems 
close at hand. In the long run, we can expect many new variants of 
present horticultural types, new colors and new sizes—perhaps even 
varieties which lend themselves more readily to mechanical harvesting 
and processing. 

Promises of what might grow out of atomic agricultural research 
must be tempered by comparison with tangible present accomplish- 
ments. Applications which are now in practical, commercial, dirt- 
farmer use are still few in number. Work with many plants is now 
going on in agricultural research centers. Some results from this work 
have gone into test and development stages at experiment stations. 

Parallel studies are being made of spontaneous mutations of disease 
organisms. The plant breeder develops, for example, a wheat strain 
having a high resistance to black stem rust, but suddenly this work is 
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undone by the spontaneous emergence of a new rust. Recent work 
has shown that radiation will produce new varieties of blights with 
increased virulence. By developing these under controlled conditions, 
geneticists may be able to breed plants resistant to them before the 
new and virulent blights appear in the field. 

Relatively few applied agricultural research centers are devoted to 
this work, even in the United States. In many other countries where 
the needs are greater for increased food production, such experimental 
work is still in the basic research stage or nonexistent. 

5.2.2. Tracer KesmARCH 

Radioisotopes give new tools to agricultural researchers. ‘These 
isotopes in elementary or compounded forms behave chemically as 
nonradioactive forms do, yet emit radiation which can be traced 
through living organisms with counting instruments. Minute but 
still identifiable substances, tagged with Tadioactiv ity, are introduced 
into complex systems—-soils, plants, or animals—and followed through 
the dynamic processes of life. 

Current tracer research ranges from studies of the uptake of ferti- 
lizers by growing plants to the digestive and milk-producing processes 
of cows. 

These uses of radioactive isotopes began when such materials were 
first produced in high energy partic le accelerators. But nuclear 
reactors in operation today—both research and production—make 
them cheaper and more readily available. By use of tracer tools, 
research and development in agriculture can be undertaken on a 
large, rapid scale. 

Radioactive tracers of most of the elements important in plant 
nutrition are available. They permit investigators to follow these 
elements as they move through root, stem, and leaf. We are learning 
how to judge the efficiency of different kinds of fertilizers. We are 
learning how, when and in what amounts to apply commercial plant 
foods. 

Tracer studies of animals will make possible cheaper feeding and 
better management. Before radioactive tracers became available, 
studies of foodstuff values were often misleading. 

Studies of photosynthesis—the plant process of combining air and 
water with sunlight to make living tissue—hold far-reaching promise. 
Although not yet understood completely, researchers can now dupli- 
cate many of the steps involved. Radioisotopes provide valuable 
tools for speeding this research. It is within the realm of possibility 
that the time will come when man does not have to depend on plants 
to produce edible energy in the form of starches, sugars, fats and 
proteins, and we may see this done chemically—at least for fodder—on 
a commercial scale. 


5.2.3. Buicut AND Pest CoNnTROL 


Radioactive isotopes and atomic radiation both contribute to new 
methods of blight and pest control. Tracers permit study of insect 
life cycles, thus showing us how insects are vulnerable to human 
control. Radiation has proved directly useful in eliminating certain 
animal infestations such as the screwworm fly in cattle and trichinosis 
_in hogs. Radiation is helping us develop more virulent plant and 
animal diseases in laboratories, so we can in turn develop plants and 
animals able to withstand them. Farmers may be given new plants 
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which can remain disease free longer, although in the long run, natural 
evolution of new diseases and insect varieties will catch up with these 


new types, too. . Natural evolution is a continuing process, and only 


by continuing this type of research can we keep ahead. 
5.2.4. Crop STORAGE 

All crops naturally deteriorate in storage. Chemical treatment 
to slow down deterioration is only partially successful. Atomic radia- 
tion can be used to accomplish more complete protection. Radia- 
tion of grains and potatoes, for example, has been of demonstrated 
effectiveness in prolonging storage life. These techniques are begin- 
ning to go into commercial practice and may substantially reduce 
food production losses due to spoilage in storage. These develop- 
ments are more fully discussed in chapter 6. 
5.2.5. IRRIGATION 

Fvtioated lands produce a substantial percentage of the world’s 
foodstuffs. Some people have hoped cheap atomic power could be 
used to irrigate more land, either full time or during dry seasons. 
Atomic electric power may compete with electricity generated from 
coal, oil, or gas (see ch. 2). But the most imaginative examinations of 
the use of atomic energv either for pumping irrigation water or de- 
salting sea water are thus far discouraging. The most optimistic 
estimates of atomic capability do not as yet support hopes of commer- 
cial feasibility in these fields. (See vol. 2, ch. 5.) 


5.3. DOMESTIC IMPACT 

The impact of peaceful uses of atomic energy on agriculture will 
derive from its importance as a tool available to the agricultural 
researcher. As in the overall view, only net beneficial effects have 
come from all previous agricultural research, so these effects will be 
speeded by the addition of radioisotopes and radiation to this field of 
development. The specific impact of this kind of development is 
different for individual efficient farmers on adequate lands than it is 
for our Nation as a whole; for these individuals atomic developments 
may mean benefits. For some marginal farmers, they may mean 
little or even added disadvantage. For the Nation, they appear likely 
to add to the problem of farm surpluses. 

As new crops are tailored to the vagaries of climate and geography, 
farmers may have a better chance of profitable crop yields, despite 
variations in temperature, rainfall, early and late frosts, winds, and 
other unpredictable fluctuations of weather. Fertilizers will be able 
to be used more efficiently. Meat producers will have new knowledge 
about feeding and caring for livestock. There may also be effects on 
prices from increasing crop surpluses. To the extent that farmers 
make use of all new ‘advances in agriculture—whether of atomic or 
conventional origin—they should have a chance to lower their costs, 
while at the same time permitting consumers to get food at lower 
prices. 

A principal fact of the American way of life is that it is based on 
abundance. Food is an outstanding example. Currently the United 
States produces more food and fibers than it consumes and exports. 
And it must be remembered that consumption in this context includes 
losses due to spoilage, insect infestation, and the like. Our actual 
intake and maximum possible daily intake of food per average person 
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are not far apart. The typical American consumes 3,130 calories a 
day. Shifts from one food to another are more probable than increases 
in the gross amount of food eaten. In only four countries do people 
eat more each day than in the United States: Argentina, 3,190 calories; 
Denmark and Australia, 3,160; Norway, 3,140. These rates cannot 
increase much. On the other hand, underdeveloped nations are often 
undernourished. In India, for example, the daily food intake aver- 
ages only 1,700 calories per person. 

Our population is increasing and living longer. Yet these factors 
alone are not absorbing farm surpluses. 

Present rates of farm production are low, compared with what 
they could be if existing improvements to mechanical equipment, crop 
varieties and farm techniques—now in use on the most efficient 
farms—become widespread. Further mechanization, new crop vari- 
eties, and still better fertilization and pest control will bring about 
higher yields than those even now realized on our most efficient farms. 
Atomic applications may speed the adoption of modern techniques 
through the general popular appeal of atomic energy. It is thus clear 
that atomic energy can contribute to making possible the production 
of more food per acre at lower cost. 


5.4. FOREIGN IMPLICATIONS. (SEE VOL. 2, CH. 5) 

Foreign markets appear to offer no solution to United States farm 
surpluses. United States tariffs and low foreign buying power tend 
to restrict world trade in farm produce. We export only about 6 
percent of our farm output. Dumping of agricultural surpluses 
abroad upsets foreign economies. Even giving surplus farm produce 
free to undernourished nations provides no answer: resistance is too 
great from local economic interests. And “free’’ foodstuffs are not 
free: it costs money to transport them. 

Comparisons between dinner pails in America and many under- 
developed nations now make tragic reading. But, as modern agri- 
cultural methods—including atomic developments—are adopted in 
underdeveloped nations, world farm output will inevitably rise. The 
same atomic developments and techniques which may only add to 
United States crop surpluses will help bridge the gap between scarcity 
and plenty abroad. Here, again, the universal interest in atomic 
energy may speed adoption of modern agricultural practices. Under- 
developed, undernourished nations are among those most vocal in 
asking for nuclear powerplants. Electric power is only one segment 
of an industrial economy, however, and in itself can make little con- 
tribution to the basic problems of famine and disease facing primitive 
agricultural economies. The techniques of the atom in agriculture 
can help these nations to accomplish sooner, more directly and more 
effectively their transition to balanced economies and higher living 
standards. 

We believe that it is to the Nation’s interest to do everything 
possible to bring the agricultural benefits of atomic energy to under- 
nourished and underdeveloped countries. The United States must 
press these atomic agricultural benefits forward with a high sense of 
urgency so that the humanitarian ends which they serve may spread 
throughout the world. 

The results of atomic research in new grains, plants, fertilizers, and 
methods of cultivation, and storing and processing crops should be 
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broadcast to the world for use in all lands, especially by the under- 
developed countries. It must be kept clear, however, that the appli- 
cation of atomic techniques in agriculture, as they now appear most 
likely to develop, are particularly the tools of an advanced and 
mature technological and industrial community. The broader implica- 
tions of a realistic foreign policy would indicate the desirability of 
extending to such countries the specific technological assistance to 
make such developments useful, in the solution of their specific 
problems. 


5.5. CONCLUSIONS AND RECOMMENDATIONS 

Peaceful uses of atomic energy in the field of agriculture are sig- 
nificant additions to the many other modern methods of improving 
farm technology. 

Man can already produce the food he needs if he takes advantage 
of the modern techniques available today. Atomic contributions will 
extend this ability to a still higher level, thus accentuating farm 
surplus problems in the United States. The extent of this impact 
will depend upon the rate of speed of development and the breadth 
of application. Efforts to speed the contribution of atomic energy 
to agriculture will inevitably increase the urgency of meeting the 
challenge to the Nation posed by farm surpluses. 

Benefits of atomic applications to farmers can be as real and as 
immediate as each individual wishes to make them. The cumulative 
impact will be an increase in the farmers’ ability to specialize, diversify, 
and better deal with their traditional worst foes—weather, pests, and 
diseases. 

Peaceful uses of atomic energy in agriculture can help the under- 
nourished peoples of the world have more to eat, if technological 
assistance is provided. There can be no miracles, however, without 
research, education, and work are needed. 

We recommend: 

1. that the humanitarian benefits which can result from the 
application of atomic developments to agriculture require that 
this technological resource be fully explored with high priority; 

2. that those charged with meeting the farm surplus problem 
take mto consideration the fact that such atomic developments— 
as do other new farm techniques—will contribute materially to 
farm output; and 

3. that the Agencies and Departments concerned with assist- 
ance to foreign countries develop a coordinated and vigorous 
program of high priority with technical assistance from the Com- 
mission, to focus atomic research where it can be useful soonest in 
undernourished countries. Only in this way can the United States 
bring to bear atomic contributions to agriculture, so as to demon- 
strate our historic sense of international humanitarian leadership. 





CHAPTER 6—RADIATION PRESERVATION OF FOOD 
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6.3.2. Impact on the Food Processing Industry. 
6.3.3. Impact on the Food Packaging Industry. 
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6.4. Conclusions and Recommendations. 


6.1. INTRODUCTION AND SUMMARY 


The atomic technique of food preservation is based on the use of 
radiation to destroy organisms which cause food spoilage. Radiation 
can kill all or most of the bacteria and insects present in some fresh 
fruits, vegetables, grain and meats, and thus contribute to checking 
deterioration. No residual radiation is left in the foods themselves. 
With proper packaging to prevent entry of new bacteria and insects, 
foods which lend themselves to preservation by radiation should have 
substantially increased usable life. 

The time scale of development, to date, indicates that within 
five years radiation preservation of some foods could begin on a prac- 
tical scale. Widespread commercial use of this technique cannot 
occur, however, until certain technological breakthroughs are achieved. 
Even then the technique will probably come into use gradually as a 
supplement to other methods of preservation. 

The net long-term effect of economically feasible radiation preserva- 
tion of those foods to which this technique proves to be adaptable 
would appear to be: 

A decrease in perishability ; and 
An accentuation of present trends to mechanization in the food 
processing industry. 

The food radiation preservation technique appears most readily 
useful in a mature industrial economy, because of the requirements 
for continuous mechanized processing and packaging. It will not 
reduce the overall need for such elements of a modern industrial 
society as rapid transportation systems, efficient distribution of goods, 
and adequate refrigeration capabilities from food processors on 
through to the Nation’s homes. Radiation preservation of food will 
not, in itself, therefore, revolutionize the food portion of the living 
standards of underindustrialized nations. 
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. TECHNOLOGICAL STATUS 

‘Expe riments on human consumption of foods preserved by radia- 
tion are being conducted under the direction of the Army Quarter- 
master Corps. It is hoped by those conducting the experiments that 
there will be adequate experimental evidence accumulated, including 
adequate tests of toxicity to humans within 5 years sufficient to 
support the beginning of commercial application of radiation preserva- 
tion. 

While the radiation sterilization process can kill bacteria, it does 
not inactivate enzymes in living food tissues which, by continued 
action, change flavor and odor. Doses of radiation may range from 
large long-term preservative levels to low pasteurizing levels. Off- 
flavors and off-odors tend to result from doses large enough to kill all 
bacteria. Not all foods react alike, however, to given doses; some 
appear better suited to this preservation technique than others. 

Present experiments suggest near-term promise that almost two 
dozen perishables can be successfully treated by radiation and stored 
for extended periods without refrigeration. (See vol. 2, ch. 6.) 
Among these are breadstuffs, chicken, pork, and some vegetables. 
Irradiation of milk, butter and cream, on the other hand, are examples 
of foods which develop strong, objectionable odors upon radiation 
treatment. 

Pasteurizing amounts of radiation inhibit bacterial growth and 
apparently lengthen the refrigerated shelf life of another 2 dozen foods, 
with no major changes in flavor or odor. For example, mild treatment 
may eventually extend the refrigerated shelf life of beefsteak, lamb, 
fish, and tomatoes by as much as 5 to 10 times. 

A third variation on the radiation preservation technique, using 
smaller-than-pasteurizing dosages, holds promise for early application 
to destruction of insects in stored grain and flour, inhibition of sprout- 
ing of potatoes and onions, and destruction of trichinosis parasites in 
pork. 

Even if we have enough experimental evidence within 5 years to 
establish the commercial feasibility of the process, however, another 
3 to 10 years more may have to elapse before the food-processing 
industry will be able to apply these new tec hniques on any substantial 
scale. This seems likely to be the length of time required to get 
official sanction and for consumers to become accustomed to the 
new development. But it also will be.partially determined by the 
success of a pilot-scale operation by the Department of the Army 
scheduled for 1958. 

Both electrostatic machines and radioactive byproducts from 
nuclear reactors can be used to accomplish the actual preservation. 
Preliminary economic data on which to base forecasts regarding the 
exact types of commercial radiation-preservation equipment most 
likely to come into general use are now being assembled and should be 
available by the end of 1956 as a result of the planning work for the 
Army pilot plant. No proven cost data will exist until the plant 
begins operation in 1958. 

Accurate estimates of costs cannot be made at the present stage. 
Present rough estimates suggest that the costs of irradiating foods will 
range from 0.3 cent per pound to 10 cents per pound. 
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6.3 IMPACT OF RADIATION PRESERVATION OF FOOD 
6.3.1 GENERAL EFrrects 

In the foods to which it is adaptable, radiation preservation will 
undoubtedly be used wherever it offers economic advantage combined 
with qualities attractive to the consumer. Some food products pre- 
served in this way will probably be accepted promptly. Others either 
may never lend themselves to this technique or never gain acceptance. 
Some of the effects seem to apply to the entire food industry and to 
consumers; others, which relate to specific elements of the industry, 
are discussed in separate subsections. 

Present trends toward prepackaging and brand identification would 
likely be accentuated. Some foods, now kept under refrigeration, 
may then require only chill-tray protection; others may be placed on 
the drygoods shelves. Fruits and vegetables which must now be 
picked before they are ripe in order to get them to the dinner table 
before they spoil may be available to the consumer in field-ripened 
condition. 

Radiation preservation has limitations. Its use in commercial 
practice would probably require the maintenance of new types of 
safety and health standards. Distributors, wholesalers, retailers, and 
consumers will have to learn new food-handling techniques. Although 
everything would seem superficially similar to practices in use today, 
fundamental differences may run deeper than can be foreseen. 

These innovations in food processing and distribution seem unlikely, 
however, to be more extensive than others to which these same 
industries have already adapted. The introduction of frozen foods 
illustrates the flexibility of these industries. Radiation-preservation 
techniques should mean increases in the trend toward mechanization, 
thus better wages and better working conditions. 

Consumer preferences, cost, and tradition, however, would un- 
doubtedly result in the continued use of other preservation techniques. 
Home refrigerators would seem to be needed indefinitely to keep 
lettuce fresh, to keep bottled beverages cold, and to store leftovers. 
Home freezers are likely to continue to be a more convenient way for 
householders to preserve their purchases and garden produce. 

As much as 50 percent of some food items is now lost through 
spoilage between the farm and the table. Every perishable pound 
of food which has its usability extended by radiation preservation 
should mean lower costs to consumers, and to producers should mean 
marketability of a greater portion of their produce. The overall 
effect, however, may mean increasing the Nation’s food supplies with- 
out expansion of the quantities of food produced. 

The impact of the development of radiation food preservation will 
not be uniform for food producers, processors, and consumers every- 
where in the world. This new technique appears most readily useful 
in a mature industrial economy because of the requirements for con- 
tinuous mechanized processing and packaging, as well as rapid trans- 
portation systems, efficient goods distribution systems, and adequate 
refrigeration capability at all stages of food storage and handling. 
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6.3.2. Impact ON THE Foop Processinc INDUSTRY 


The food-processing industry markets an annual volume of $65 
billion. Of total domestic food product, an estimated 63 percent is 
processed in some form. Radiation preservation, if successful, could 
increase the percentage of food processed. In addition, the rate of 
spoilage of fruits and vegetables, which are to be canned or frozen, 
may be retarded, thus allowing processors additional time in which 
to preserve their produce by present methods. This could be signifi- 
cant when the canner or freezer is confronted with daily receipts in 
excess of his capacity. In this way radiation could supplement, rather 
than supplant, present techniques. 


6.3.3. Impact ON THE Foop-PAacKAGING INDUSTRY 


Irradiation of foods, if widespread, could result in a new and more 
critical role for the packaging industry. Proper packaging of foods 
preserved by radiation is essential to the accomplishment of any 
lasting benefit. Radiation only destroys the bacteria present at the 
time of treatment. If new bacteria or insects are not kept out of the 
food product, the benefits of this preservation technique are lost. 
This will apparently be as true for radiation-deinfested grains as for 
meats, fruits, and vegetables. Radiation-preserved food will not be 
able to be handled, stored, or shipped without care to insure proper 
packaging exceeding the care common today for many packaged foods. 
Rigid or tough containers may be required in many cases where flexible 
wrappings without perfect sealing now afford sufficient protection in 
combination with refrigeration. 


6.3.4. Impact ON THE Foop-MAcHINERY INDUSTRY 


No significant effects may be expected on the food-machinery indus- 
try. This industry manufactures highly mechanized, continuous-flow 
food handling and processing equipment and could easily adapt to the 
manufacture of even more complex models, if the commercial adaption 
of radiation preservation techniques should demand. 


6.3.5. Impact on Foop-MERCHANDISING INDUSTRY 
Food distributors and retailers could conceivably benefit from the 


marketing of irradiated foods if the public adjusted its buying habits. 
As a result of confusion with radioactive fallout of atomic weapons, 
many persons fear all forms of radiation. The public would have to 
be convinced that radiation of food is not harmful. 

On the other hand, the public normally welcomes new food varieties 
and flavors. Such possibilities as availability of year-round garden- 
fresh fruits and vegetables, from reduction in food spoilage which 
would bring economies in distribution costs and, hence, lower prices 
are factors in favor of public acceptance of this technique. 

6.3.6. Impact ON THE Meat Packina INDUSTRY 

For meat packers, radiation processing may create new opportunities 
for introduction of prepackaged meats carrying house brands or labels. 
Thus, new techniques for sales promotion may become available. 

Savings accomplished by central meat cutting and packaging at 
the packing plant would mean lower costs for the consumer. ‘This 
method could also permit retailers to make more profitable use of 
available store space. Inventory problems for the entire meat 
packing and distribution industry might eventually be simplified if 
radiation-preservation techniques develop successfully. 
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6.3.7. Impact ON THE TRANSPORTATION INDUSTRY 

Widespread application of radiation-preservation techniques would 
bring about little change in the transportation industry in the United 
States. This conclusion is based on the fact that many radiation- 
preserved foods would still appear to need protection against dehydra- 
tion during shipment from production centers to marke ‘ts, as well as 
protection against excessive heat or cold. These are the same require- 
ments which food shippers now meet by transporting fresh and frozen 
foods in refrigerated freight cars and trucks. 

To the extent that such radiation preserved foods displace similar 
foods preserved by techniques requiring refrigeration in transit, the 
demand for spec ial transportation may be reduced. This in turn 
might result in lower shipping costs. We do not foresee these changes 
as coming about rapidly, however, or on such a scale as to dominate 
or even seriously influence the domestic transportation industry. 

These developments might, at first thought, seem to lessen the need 
for modern transportation sy stems in now- -primitive areas of the world 
lacking well-developed railroads and highways. Yet radiation food 
preservation is an advanced industrial tool which cannot by itself 
solve the food distribution problems of underdeveloped countries. 
This is not intended to imply that this new technique provides no 
benefits in such countries, but merely to focus attention again on the 
precept that real improvements depend on raising the level of all 
parts of the economic structure in underdeveloped areas 
6.3.8. Impact ON THE REFRIGERATION [NDUSTRY 

Many foods preserved by radiation would still require refrigeration 
at some point between the field and consumption. ‘Though some 
foods may require no refrigeration for storage while they are properly 
packaged, even these would apparently require refrigeration after the 
package is opened. Thus home refrigerators, which “make up 80 per- 

cent of the gross sales of the refrigeration industry, would continue 
to serve a vital function. 

Applications for early use, such as deinfestation of grains and flour, 
affect food commodities with which the refrigeration industry is not 
concerned. Pasteurization levels of radiation certainly do not elim- 
inate the need for refrigeration. Some essential ingredients of a bal- 
anced diet, such as dairy products, appear unlikely to be successfully 
freed from dependence on preservation by refrigeration as a result of 
any radiation experiments conducted thus far. 


6.4. CONCLUSIONS AND RECOMMENDATIONS 

Radiation preservation of food does not appear likely to replace 
other methods of food preservation to any substantial extent in the 
foreseeable future. When economically feasible, it would be a sup- 
plement to other methods. 

It appears that nothing but benefits can come from success in this 
field for both the consumer and for the economy as a whole. Higher 
proportions of skilled workers would probably be needed in the food 
industry, but the levels of skill should not be difficult to meet by 
retraining. 

As radiation preservation is adopted commercially, more of the 
food produced in the Nation would reach consumers in usable condi- 
tion. This would have the effect of adding to food supplies without 
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relationship to any increases in food production. Radiation dein- 
festation of grain, a technique now available, could lead to greater 
surpluses. 

Radiation preservation techniques appear to be new tools of an 
advanced and mature technological and industrial society, and are 
not likely to be readily applied to industrially underdeveloped areas 
of the world. 

We see no need to change the present rate at which development of 
radiation preservation techniques is going forward, except insofar as 
military needs may require. 

Therefore we recommend: 

1. that the present program for development of radiation 
preservation techniques for foods and other perishables be sup- 
ported at present and projected levels; and 

2. that those charged with meeting the farm surplus problem 
take into account the fact that radiation deinfestation of grains, 
a technique now available, could lead to greater surpluses. 
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7.1. INTRODUCTION AND SUMMARY 


The American economy and standard of living depend upon an 
extensive, highly developed transportation system. Motor vehicles, 
aircraft, ships and locomotives utilize approximately 25 percent of 
the total energy consumed in the United States. Looking to the 
future, the energy requirement for transportation can be expected to 
keep pace with the growth of the Nation’s overall energy require- 
ments. The continuing demand for more and better transportation 
focuses attention on nuclear energy as a potential new source of 
propulsive power. 

Possibilities of applying nuclear energy to propulsion were recog- 
nized early in the atomic-energy program. To date, actual work in 
the field has been limited to military applications. The Navy and 
Air Force are engaged in extensive research and development pro- 
grams directed toward atomic-powered submarines, surface vessels 
and aircraft. 

An atomic-powered submarine is already in operation. Nuclear 
energy could become a significant source of power for commercial 
shipping within the next 10 “ = years. The actual rate of develop- 
ment will be dependent on: (1) the relative competitive position of 
nuclear power as it is Se iol through experience; and (2) the 
basic governmental decisions concerning the requirement for atomic 
propulsion in the American merchant fleet which is maintained in 
part as a reserve for wartime emergencies. If commercial vessels with 
atomic engines are developed, they would probably be constructed as 
part of the normal replacement program which must be carried out if 
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the United States merchant marine is not to become obsolescent. The 
introduction of atomic propulsion to commercial shipping in this 
manner should not result in any major dislocations in the shipping 
industry. 

Atomic propulsion of aircraft appears to be technically feasible in 
terms of foreseeable technology. However, problems still to be solved 
before aircraft developed for the military could become economically 
feasible for commercial aviation are of such a serious nature that im- 
pact on commercial aviation during the next 15 to 20 years is unlikely. 
The possible impact of nuclear propulsion on commercial aviation 
after that period cannot now be judged. 

Atomic propulsion for locomotives is apparently technically feasible 
now, but is far from economic feasibility. Unless urgency arises from 
military requirements for atomic powerplants easily adaptable to loco- 
motives, it seems unlikely that a development program will be under- 
taken of sufficient intensity to bring about economically competitive 
locomotives. Of course, this picture could change with a major 
breakthrough in reactor technology. If atomic-powered locomotives 
were to be introduced, the changes and effects which would follow 
would probably not result in any substantial decreases in railroad 
operating costs. 

There are no foreseeable prospects for atomic-powered motor vehi- 
cles, such as cars, buses, or trucks. Such applications would require a 
technological breakthrough not now in sight. 

For the most part, we find that the basic economic data which 
would determine the eventual competitive role of atomic propulsion 
have not vet been developed. In fact, adequate data on which to 
base practical decisions as to the economic feasibility of some of these 
applications may not be available for a decade or more. 


PROPULSION OF COMMERCIAL SHIPS 
TECHNOLOGICAL STATUS 


There is at present no Government program directed specifically 
to the development of atomic engines for commercial ships, although 
the Maritime Administration has requested 23 firms to submit, by 
March 16, 1956, proposals for the design of an atomic-pow ered oil 
tanker to be completed by mid-1959. Technical feasibility of atomic 
propulsion of naval ships was demonstrated by the submarine U.S. S. 
Nautilus in January 1955. More advanced reactors for submarines 
and surface vessels are at present under development. Research 
and development on submarines alone are programed at over $300 
million. 

Early development of atomic propulsion for naval vessels reflects 
the fact that this type powerplant can be more easily applied to large 
ships than to other forms of transportation. Naval and commercial 
vessels differ in requirements for shock characteristics, performance, 
and costs. 

It should be possible to provide adequate radiation shielding on 
large commercial ships, thus reducing the problem of nuclear hazards. 
Cargoes may also serve as shielding. Although a major nuclear 
disaster at sea appears remote, experience in the operation of atomic- 
powered ships is needed to place this hazard in its proper perspective. 


7.2 
7.2.1 
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2.2. Economic FEASIBILITY 


The success of the naval program has stimulated interest in the 
possibility of applying atomic propulsion to commercial shipping. 
Yet the fact that reactors have been successfully developed for use 
in naval submarines does not in itself indicate that they can be 
economically practical for commercial shipping. 

In considering the economics of commercial shipping it must be 
recognized that the United States merchant marine is subsidized in 
order to maintain a standby reserve of shipping for use in case of war. 
Commercial vessels powered with atomic reactors might have special 
wartime value since the ranges of operation free from dependence on 
fuel afforded by atomic power could be significant. This would be 
particularly true if United States naval forces were largely converted 
to nuclear propulsion. In the absence of economic competitive status, 
however, there will probably be insufficient incentive to apply this 
development on a wide scale. 

The initial capital investment in an atomic-powered commercial ves- 
sel utilizing present technology appears likely to be much greater than 
that required for a conventionally powered commercial vessel. For 
example, it has been estimated on the basis of present technology that 
the cost of a conventional $10 million oil tanker would be approxi- 
mately doubled by the installation of a nuclear powerplant. Unless 
these very high capital costs can be reduced or balanced by savings 
in the cost of nuclear fuel or other economies, such a ship obviously 
cannot be competitive. To accomplish this cost reduction, a great 
deal of technological development remains to be done. The other 
operating expenses of a nuclear-powered ship should be about the same 
as those for conventional power, except for the cost of fuel. 

Atomic propulsion should have the best chance of being competitive 
in the case of large, high-powered ships which carry heavy bulk 
cargoes in unlimited supply and spend the maximum amounts of 
time at sea. Ships with these characteristics could utilize the heavy 
investment in nuclear powerplants to the maximum advantage and 
could employ effectively the space saved by eliminating fuel supplies 
to increase the cargo payload. The Maritime Administration con- 
siders oil tankers and bulk ore carriers the best examples of these 
types of commercial vessels. A modern oil tanker, for example, has 
a very large cargo payload and spends up to 90 percent of its life a 
sea. The fuel oil required by a tanker for a long voyage may vane 
to as much as 10 percent of the payload of oil delivered. The elimi- 
nation of this fuel oil requirement by atomic power could be trans- 
lated directly into an increased payload of oil. This could result in 
additional revenue for a single 20,000-ton tanker equal to about 
$1 million a year. 

At the present stage of development, many vessel types do not 
meet any of the requirements for effective utilization of atomic power. 
Size and speed of dry-cargo freighters is normally held down by avail- 
ability of cargo; thus, extra hold space is at no premium. Ships 
which spend 50 percent or more of their lives in port being loaded or 
unloaded probably cannot obtain an adequate return on the high 
capital investment required in atomic marine engines. 
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7.2.3. Impact ON COMMERCIAL SHIPPING 

Practically the entire United States merchant fleet will become 
obsolescent between 1960 and 1965. This possible replacement 
requirement makes it wise to determine at an early date the actual 
competitive position of atomic power. 

Approximately 93 percent of the 3,255 United States merchant 
vessels of over 1,000 gross tons at present in service will reach obso- 
lescence—that is, become more than 20 years old—between 1960 and 
1965. This obsolescence will include 336 of the 430 oceangoing 
tankers presently in service. It will be necessary to replace a sub- 
stantial number of these ships unless the United States is willing to 
reduce its maritime position. It would appear that nuclear propulsion 
might be introduced for at least specialized applications such as large 
tankers if experience indicates that these applications are even 
marginally competitive with conventional vessels. 

Atomic-powered ships do not seem likely to change the competitive 
position of the United States in world shipping. The United States 
merchant marine is at a basic disadvantage in world competition 
primarily because our labor costs both in the shipbuilding industry 
and in operations are above those prevailing in other countries. 

The hulls of nuclear-powered ships would presumably be constructed 
by the same shipbuilders as today. Atomic-powered replacements 
for all present United States oceangoing tankers exceeding 15,000 
tons deadweight, in the period 1960—65 on, would result in construction 
of 300 or more such vessels over a period of 20 years. At the $10 
million figure per atomic engine, estimated by the Maritime Ad- 
ministration (see vol. 2, ch. 7), this would amount to an average 
yearly business of $150 million and would result in an installed 
atomic power capacity aboard ships on the order of 15 million kilowatts 
of heat in the 1980 period. This would be equivalent to roughly 
7 percent of the lower estimate of central station atomic power 
which, as we have noted in chapter 2, might be installed in the United 
States by 1980. Thus we can see a possibility that commercial 
shipping using atomic power could create sizable demands for the 
construction of atomic marine engines and for production and proc- 
essing of nuclear fuels. Special dock facilities might be required 
for servicing atomic-powered ships. Location of such service facilities 
would, of course, have to take into account the hazards which may 
be involved. 

In general, atomic ship propulsion, if it becomes economically 
competitive, seems likely to have only good effects on the United 
States economy. The requirements of commercial shipping for fuel 
oil might be reduced, but American ships at present consume only 
approximately 3.5 percent of total United States petroleum produc- 
tion. The oil tankers alone which appear to be the most logical 
candidates for atomic propulsion account for almost one- half of 
these petroleum requirements. 


») 


3.1. TECHNOLOGICAL STATUS 

The Commission and the Department of Defense are engaged in a 
joint research and development program directed toward practical 
atomic propulsion for military aircraft. On the basis of the work of 
this program to date, atomic propulsion of aircraft appears feasible— 


7.3. PROPULSION OF COMMERCIAL AIRCRAFT 
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if technological developments proceed as now foreseen. The program 
is thought likely to require between half a billion and 1 billion dollars 
to accomplish, and has as its objective a military airplane in which 
economics are not a primary consideration. 

One of the fundamental deficiencies of conventional, chemically 
powered aircraft is the inherent limitation on operational range 
imposed by fuel requirements. Since a nuclear reactor can theo- 
retically operate at high power for long periods of time with negligible 
consumption of fissionable material, future aircraft with atomic pro- 
pulsion could in principle achieve practically unlimited range. There 
are, however, many barriers which must be overcome before this goal 
can be achieved. Lightweight reactors operating at high tempera- 
tures and power levels are very difficult to achieve. Crews and 
equipment must be shielded from radiation. Size, weight, and 
payload must all fit practical operating and maintenance patterns. 


— 


7.3.2. Economic FEasIBILiry 

The military worth of atomic-powered aircraft with virtually un- 
limited range may balance high costs and associated hazards. If 
nuclear propulsion is to be extended to commercial avaition, however, 
it must be economically competitive with chemically powered aircraft. 
The quantity of shielding required to reduce radiation to acceptable 
human tolerance levels would appear at this time to rule out com- 
mercial passenger application. Commercial attention in the period 
after achievement of atomic- powered flight would undoubtedly focus 
initially on cargo aircraft, where shielding to meet human tolerances 
would be required only for the crew compartment. 

No usable estimates of eventual costs of construction and operation 
of atomic-powered commercial cargo airplanes are yet possible. The 
initial capital investment would seem likely to be much greater than 
for comparable chemically powered aircraft. Atomic-powered planes 
would in this event only be competitive in cases where the savings in 
operating costs over the life of the aircraft were sufficient to compen- 

sate for the much higher original investment. Beyond a few thousand 
miles, operating costs per mile for conventional chemic ally powered 
aircraft rise very rapidly, while operating costs per mile for atomic- 
powered aircraft would be essentially the same for flights of any 
distance. Thus large atomic- powered cargo aircraft operating over 
distances of more than several thousand miles might be competitive 
with conventional aircraft operating nonstop over comparable dis- 
tance. The actual economic competition, however, would also be 
influenced by such factors as special maintenance facilities and per- 
sonnel for atomic-powered aircraft compared with conventional air- 
craft needs for overseas refueling points and cost of conventional 
fuels at such overseas airfields. Even if nuclear propulsion systems 
are perfected, however, accidents involving such aircraft, occurring 
in heavily populated areas, might result in local radioactive contam- 
ination of serious proportions. Airfields servicing early models of 
atomic-powered aircraft would presumably be located remote from 
urban areas, which would adversely affect comparative operating costs, 
7.3.3. Impact ON COMMERCIAL AVIATION 

Commercial atomic-powered aircraft seem achievable only as by- 
products of military development. Were it not for military urgency, 
emergence of such airplanes would lie far in the future because of the 
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high costs involved. Even with successful development for military 
purposes, commercial atomic-powered aircraft are unlikely to appear 
for a decade or more after military types are first operated. This 
application of nuclear energy should not, therefore, have any real 
impact on civil aviation in the United States during the next 15 or 
20 vears. 

Despite this pessimistic appraisal of the short-term prospects of 
atomic propulsion for commercial aircraft, it does represent a potential 
propulsion source for the future. Results of the United States military 
program in this field during the next decade should give a fair basis 
for evaluating possibilities of commercial application. It is prema- 
ture to attempt to evaluate now, however, the eventual impact of 
nuclear-powered aircraft on commercial aviation and the United 
States economy. 


PROPULSION OF LOCOMOTIVES 
7.4.1. TECHNOLOGICAL STATUS 

There is no real program, Government or private, at present con- 
cerned with the development of atomic propulsion for Sosuasiieen. 
The work going on is all of a study nature and on a small scale. 
Scientific and engineering data developed in the ship and aircraft 
programs indicate, however, that atomic-powered locomotives would 
be technically feasible in terms of foreseeable technology. Industrial 
interest has so far apparently been limited to a total expenditure of 
not more than several hundred thousand dollars. A major develop- 
ment program would involve tens of millions of dollars: Industrial 
decisions on nuclear locomotives will probably be made on the basis 
of information that evolves during the next decade from the current 
military programs for nuclear propulsion of ships and aircraft, and on 
information obtained from the ‘demonstration’ atomic electric 
power program. Future developments in this field, therefore, will 
be dependent upon the level of interest maintained by the railroad 
industry over a period of years. Any development which does get 
underway would require access to advanced work on military pro- 
pulsion systems. 

The design of atomic- powered locomotives would appear to be 
determined by the characteristics of existing railroad rights-of-way 
and facilities. The critical dimensions of height and width are 
limiting design factors. Shielding to permit operation without 
danger from radiation to the crew or to people near the locomotive, 
however, appears achievable. 

7.4.2. Economic FEASIBILITY 

Sufficient information is not available at present to justify discus- 
sion as to when atomic-powered locomotives might achieve competitive 
economic advantage. Diesel locomotives averaging 1,500 horsepower 
per unit are used in combination of from 1 to 6 units, thus permitting 
a high degree of operating flexibility. Atomic locomotives would, 
therefore, start out with difficult competitive standards. 

The initial capital investment in atomic-powered locomotives would 
probably be greater than in present diesel electric locomotives which 
now cost approximately $134 per kilowatt of capacity. The capital 
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cost per kilowatt for small, compact atomic propulsion plants would 
presumably be considerably higher. Atomic locomotives, therefore, 
would be competitive only if savings on fuel compensated for the higher 
initial capital investment. Small compact reactors for locomotives 
would not permit the best of fuel economies. Atomic fuel costs for 
atomic locomotives, therefore, seem likely to be more expensive than 
atomic fuel costs for large atomic electric power stations. 

Atomic locomotives would be subject to the same accident hazards 
as conventional locomotives. A major accident could conceivably 
result in serious radiactive contamination. This danger should not 
be minimized and will certainly constitute a retarding influence on 
this line of development. 

7.4.3. Impact on Rartroap INDustRY 

Although any early achievement of economically competitive 
atomic-powered locomotives appear unlikely, it is useful to consider 
the impact such a development might have on the domestic railroad 
industry. 

The shift from steam to diesel-electric locomotives, which took 
place in little more than a decade, has been almost completed. The 
25,000 diesel-electric locomotives currently in operation represent an 
electric power capability of roughly 30 million kilowatts. This is 
equal to 25 percent of the total electric power capability of the 
United States. All diesel-electric and oil-burning steam locomotives 
at present, however, consume only 3.3 percent of the total petroleum 
consumed in the United States. Thus, maximum impact on the oil 
industries which could be accomplishe d by complete conversion from 
diesel to atomic power would in fact be considerably less significant 
than was the impact on the coal industry of the switch from coal-fired 
steam to diesel-electric locomotives. The railroads which consumed 

25 percent of all United States coal production 10 years ago, today 
consume only 3.6 percent. Thus, the coal industry would feel little 
impact from the loss of this customer. 

Complete replacement of the 33.000 units of motive power at 
present in use by American railroads with atomic locomotives would 
represent a potentiai market of $10 billion, assuming capital costs of 
$250 per kilowatt. The railroad industry has demonstrated its 
capacity to meet an investment requirement of this same order in the 
purchase of $4 billion worth of diesel-electric locomotives in little over 
a decade. Manufacturers of diesel locomotives appear to have many 
of the basic engineering skills needed to produce atomic locomo- 
tives, hence should be able to hold their own in the event of such a 
development. 

Changes in rail rates and freight patterns seem unlikely to arise 
from this particular application of atomic energy, although we have 
noted (see ch. 2) that atomic electric power dev elopment “might have 
some effects on railroads as a result of changes in industrial plant 
location. Few, if any, changes in existing railroad facilities would be 
caused by atomic locomotives since, in order to be economic, 
they would have to be designed in accordance with size and w eight 
limitations of present railroad w ays and structures. 
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7.5. MOTOR VEHICLES 


Nuclear energy does not appear to be a feasible source of power for 
commercial or civilian vehicles in the foreseeable future. Technically, 
there seems to be no prospect of designing a properly shielded atomic 
power source consistent with the size and weight of present-day motor 
vehicles. The cost of even the smallest reactor system would be 
entirely out of line with the acceptable capital investment in a motor 
vehicle. Another serious deterrent is the potential radiation hazards 
arising as a result of accidents. 

The fact that nuclear energy will not find application to motor 
vehicles is in itself of considerable significance to the total American 
energy economy. At present 41 percent of all the petroleum products 
consumed in the United States goes to motor vehicles. This amounts 
to almost 20 percent of the total energy demand of the United States. 
It appears, therefore, that the oil industry can count on large and 
rapidly expanding requirements of motor vehicles for a period extend- 
ing far beyond 1975. The ability of the oil industry to meet this 


demand will be enhanced by the availability of atomic power to pick 
up other energy loads now met by petroleum. In this way, nuclear 


energy and conventional sources of power will complement rather 
than compete with each other. 


CONCLUSIONS AND RECOMMENDATIONS 
7.6.1. PRopuLsSION OF COMMERCIAL SHIPS 


Atomic propulsion of commercial ships is technically feasible. 
However, economically competitive atomic ships are not generally 
yet in prospect. A limited number of applications, such as ocean- 
going tankers, may have economic advantage. The ‘possible need to 
replace a large portion of the United States merchant fleet in the 
1960-65 period makes it desirable for the Atomic Energy Commission, 
the Maritime Administration, and the shipping and shipbuilding 
industries to work out a program for exploring the economic feasi- 
bility of atomic-powered ships. Only in this way can adequate 
engineering and operating data be obtained in time to permit deter- 
mination of the advisability of construction of any substantial number 
of atomic-powered commercial ships a decade hence. Advantages of 
such ships during any future war, as well as maintenance of United 
States maritime prestige, give a degree of urgency to this line of 
development. 


7.6.2. PRopuLSION OF COMMERCIAL AIRCRAFT 

Though technical prospects for military aircraft with atomic pro- 
pulsion are considered good, prospects for economically competitive 
commercial applications seem unlikely until some experience with 
military prototypes has been acquired. If commercial types ever 
come into use, they will probably be byproducts of the military pro- 
cram. Foreseeable impact, even so, is not substantial since only very 
long range cargo aircraft appear like ‘ly to be able to make profitable 
use of atomic power. The prospect of nuclear crashes in A neaihatod 
areas and resultant radiation hazards could serve as additional deter- 
rents to extensive use. There appear to be no advantages inherent in 
commercial atomic aircraft worth additional efforts now, over and 
above those being expended on achievement of military objectives. 
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7.6.3. PropuLsion or Locomorives 

Atomic locomotives could in all probability be built and operated 
successfully, but appear to offer no economic advantages until sub- 
stantial improvements in reactor technology are made. There is no 
real industrial development program directed at atomic locomotives 
today and no directly comparable military atomic power projects 
are underway, but the technical and engineering data being deve loped 
will undoubtedly improv e the outlook for economically competitive 
atomic locomotives in the years ahead. There appears to be no 
incentive or necessity for Federal support of an atomic locomotive 
development program, but the Commission should cooperate within 
the limits of national security with any industrial efforts. 
7.6.4. PRopuLsion oF Moror VEHICLES 

Atomic-powered civilian automobiles and commercial trucks and 


buses are not technically feasible today and apparently will not be 
in the foreseeable future. 


7.6.5. RECOMMENDATIONS 
We recommend: 

1. that the Atomic Energy Commission, the Maritime Ad- 
ministration, and the shipping and shipbuilding industries work 
out a program for exploring the economic feasibility of atomic- 
powered ships; and 

2. that the Commission cooperate within the limits of national 
security with any industrial efforts to develop atomic locomotives. 
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3.1. INTRODUCTION AND SUMMARY 

‘to $1 million worth of radioisotopes now being sold annually by 
the Commission to industry are making possible savings through 
process and quality controls estimated at $100 million annually. This 
important business is growing larger with every new idea. It con- 
trasts sharply with atomic electric power from which few, if any, have 
so far made money. 

Produced as Syproducts of nuclear reactors, these radioisotopes 
provide industry with small sources of radiation and tracers. These 
atomic tools are so cheap, require so little capital investment, permit 
such prompt returns, and are so free from information control restric- 
tions that their use is expanding rapidly. Radioisotopes are already 
contributing to increased industrial productivity on a broad front. 

Radioisotopes are already being used in industry, but greater sig- 
nificance may lie in future utilization of atomic heat and radiation. 
Process heat and radiation in such industrial fields as food preserva- 
tion and industrial chemical production hold important promise. 
Many other major areas undoubtedly exist for both atomic heat and 
radiation. These goals for industrial research and development could 
make real contributions to our economy. They are within the com- 
petence of existing industrial research strengths. 

Use of atomic energy for space heating is limited by practical 
economic considerations imposed by high capital and fuel costs and 
heat losses in distribution. No substantial space heating uses are in 
prospect either for residential or commercial purposes. 


8.2. RESEARCH AND CONTROL APPLICATIONS 


Radioisotopes can be used for the study of inorganic substances 
and industrial processes in the same way as they are used in such other 
fields as agriculture and medicine. Some industrial applications 
have been conducted on a small scale for many years, using radioiso- 
topes produced in high-energy particle- accelerating machines. Still 
other applications originally — came into practice through adaptation 
of X-ray equipment. However, nuclear reactors have made radioiso- 
topes and radiation sources available at costs which permit new and 
broader applications. 
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8.2.1. ‘TECHNOLOGICAL STATUS 

Radioisotopes are being used by approximately 1,200 industrial 
firms as sources of radiation and as tracers in production processes 
and basic research. These isotopes in elemental or compounded 
forms behave chemically as nonradioactive forms do, vet emit radia- 
tion which can be traced with counting instruments. The diversity 
of the applications of radioisotopes alre adv in use suggests the bre: idth 
of promise for the future. 

Some 350 industrial firms are at present using radioisotopes in 
radiography to inspect metal castings and welds for possible flaws. 
Radioisotopes have a major advantage in these applications over 
radium and X-rays as a result of their lower costs and increased 
versatility. A quantity of radioactive cobalt 60, costing $100, for 
example, is equal in effectiveness to $20,000 worth of radium. About 
300 industrial firms are using a large variety of radioisotope gages to 
measure the thickness and density of such materials as sheet metal, 
rubber, paper, and plastics. The tobacco industry, using radioisotope 
density gages to determine the quality of cigarettes, now employs more 
of these gages than any other single industry. 

Radioisotopes are also being used in actual industrial processes. 
The techniques employed are essentially the same as those which 
have been developed so successfully in medicine. Just as radioiso- 
topes are used to trace the movement of blood in the human body, 
they are used to locate the dividing point between two different 
petroleum products flowing through overland pipelines. Tracer 
techniques in industrial research already in common use are exem- 
plified by studies of engine piston wear which have already resulted 
in improved motor oils. The availability of radioisotopes seems 
likely to stimulate new interest in the application of luminescence, 
heretofore almost completely limited to watch dials, instrument mark- 
ings, paints and tapes. 

8.2.2. Impact oF ReseaRcH AND ConTROL APPLICATIONS 

Continued rapid expansion of specialized industrial applications 
of radioisotopes should make great savings for industry possible over 
the years ahead. These applications will contribute to increased 
productivity and lower costs for American industry. As in the case 
of medicine, it is not easy to place an actual dollar value on these 
potential contributions, but improvement of existing products and 
development of new products will certainly result. 

American industry has already invested about $25 million in in- 
struments and equipment to use radioisotopes. Yet supplying 
radioisotopes for these instruments amounts to only several hundred 
thousand dollars of annual business today. Although the instru- 
ment and equipment industry is likely to grow substantially, there 
appears to be no prospect that the demand for radioisotopes for these 
applications will be sufficient to in any way affect the basic economics 
of atomic powerplant operation. 


8.3. PROCESS APPLICATIONS OF HEAT AND RADIATION 
American industry consumes vast quantities of energy directly as 
heat in a great variety of different processes. Atomic reactors are a 
potential new source of energy for such “process heat’ applications. 
Atomic reactors also yield energy in the form of radiation. The use 
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of radiation in industrial processes is a new field which is just begin- 
ning to be explored but which shows real promise. 
8.3.1. TECHNOLOGICAL STaTus 

There have been no development programs as yet directed to the 
utilization of atomic reactors for either process heat or process radia- 
tion. Hewever, limited preliminary studies on these problems are 
underway both under Commission and industry direction. 

This Nation now utilizes approximately 10 percent of its total 
energy consumption as process heat in the production of such basic 
materials as metals, chemicals, cement, glass, paper, petroleum, and 
rubber products. These industrial processes which employ me 
directly would seem to be natural early markets for atomic hea 
A projection made for us by the Commission indicates that the 
demand for process heat might triple by 1980. 

However, many such processes require temperatures of 1,500° F. 
to 3,000° F., which cannot be achieved in reactors ine sesamin’ even 
the most advanced atomic and metallurgical technology known today. 
The Commission and the Bureau of Mines of the De] ‘partment of the 
Interior are making preliminary feasibility studies of the possibility 
of accomplishing the gasification of coal with an atomic reactor. 
Several chemical companies have expressed interest in the possibilities 
of using atomic reactors for high temperature chemical reactions. 
Actual work, however, has not yet proceeded beyond the stage of 
preliminary feasibility studies. 

Atomic reactors have been suggested as a means of obtaining 
low-cost heat necessary for economic production of fresh water from 
salt water for use in agricultural irrigation or municipal and industrial 
water. No conventional power sources are sufficiently low in cost to 
do this today. Preliminary studies by the Commission do not 
indicate any economic advantages of atomic heat over fossil fuels. 
Atomic projects large enough to accomplish this goal economically 
appear to be as expensive in terms of total dollar outlay as engineering 
projects on the sc ale of diverting the flow of rivers from one basin to 
another. (See vol. 2, ch. 8.) 

The massive quantities of radiation made possible through de ee 
ment of atomic reactors open up the possibility of entire new are: 
of scientific development in chemistry and other fields. Radiation 
energy cannot be thought of in the same terms as heat energy. For 
example, while an ordinary 1-watt light bulb produces a barely per- 
ceptible amount of light or heat, a 1-watt source of gamma radiation 
could kill a man in less than 1 hour. Research at Commission and 
industrial laboratories has demonstrated that radiation can be used 
to supply energy to initiate some chain chemical reactions and .to 
supply all of the energy required in basic chemical reactions. Radia- 
tion energy can also accomplish changes in the structure of materials 
and even create new materials which are difficult or impossible to 
produce by other known methods. It can, for example, replace 
catalysts, in the polymerization of plastics and can produce new 
types of plastics by “graft copolymerization.’”’ The fact that irra- 
diated polyethelene can withstand higher temperatures than ordinary 
polyethelene plastics has already been applied by industry on a 
limited scale in the production of heat-resistant plastic laboratory 
equipment. 
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8.3.2. Impact From Process Heat anp RapiaATION 


We have noted above that demand for process heat in the United 
States by 1980 is forecast at three times present levels. Although 
atomic energy is not now being used for industrial process heat, some 
eventual use of it for this purpose seems probable in view of this rise 
in demand. The amount of such heat obtained from atomic energy 
will depend on when such developments really get started and on 
how fast they become economically competitive. No applications 
seem likely for at least the next 5 years, since development would 
itself require that much time. 

An estimate provided us by the Commission indicates that the rate 
of growth, after atomic heat proves technically and economically 
competitive, might conceivably permit it to meet as much as 10 
percent of total process heat requirement by 1980. The atomic 
reactor capacity required to meet such a demand would be equivalent 
to the reactor capacity required for roughly 25 million kilowattts of 
atomic electric power. This would amou.at to approximately 20 per- 
cent of the higher forecast and 50 percent of the lower forecast dis- 
cussed in chapter 2 for atomic power capacity which might be in- 
stalled in the United States by 1980. 

In the absence of any development programs for process heat, we 

do not have adequate data to establish a time table for develop- 
ments in this field, and we do not have a basis for an impact forecast. 
Nevertheless, the application of atomic energy to process heat ap- 
parently could begin on a moderate scale during the next 10 to 15 
years. 
’ The future of atomic radiation is equally speculative since little is 
known concerning the effects of massive quantities of radiation on 
various industrial processes and materials. Yet the prospect of 
substituting radiation energy for heat energy appears to offer real 
prospects in the food processing and chemical industries and may 
conceivably indicate a new direction from which future supplies for a 
different kind of energy than that now commonly used may come. 
Remembering our comparison of a 1-watt light bulb and a 1-watt 
gamma radiation source, it is apparent that a small amount of energy 
in the form of atomic radiation energy can be substituted for a rela- 
tively large amount of heat or electric energy in some industrial 
process. 


8.4. SPACE HEATING 


Within the term “space heating’ are included all of the efforts 
necessary to modify the temperatures in commercial, industrial and 
residential buildings and enclosures. Both heating and cooling are 
involved. Space heating now uses 30 percent of the energy consumed 
in the United States. Air conditioning has accounted for a sub- 
stantial portion of the increased demand for electricity in some part 
of the United States in recent years, and the demand is still rising 
rapidly. Since atomic energy can produce heat, it must be considered 
a potential source of energy for these purposes. 
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8.4.1. TECHNOLOGICAL STATUS AND IMPACT 


Waste heat from a research reactor at Harwell, England, has been 
used since 1948 to provide space heating for adjacent buildings. 
Similar applications under Commission direction have been made at 
Hanford, Wash. Despite the special applications, there are, however, 
no other real development efforts underway directed toward the use 
of atomic energy for space heating. 

Heat from atomic energy is no different from any other form of 
heat. It cannot be transported more cheaply or for greater distances. 
Consequently, central heating systems for complexes of buildings, 
called ‘district heating’, are confined to very heavily populated 
metropolitan areas and account for only about 1 percent of the space 
heating requirement of the entire country. Atomic heat will probably 
eventually be competitive with conventional power sources for this 
type of “district heating’. However, the rate of growth of this 
type of space heating will be limited, as it is now, by the very high 
costs of the distribution system. In this connection, it is significant 
that conventional electric power stations today do not generally 
find it worthwhile to sell waste heat for space heating. There is 
nothing in the technology of atomic electric powerplants which would 
appear to change this outlook. 

Atomic home furnaces are theoretically feasible, either in the 
form of small reactors or as devices containing coe" fission 
products. However, these applications of nuclear energy do not 
appear to make any sense on the basis of for eae technology. 
Small reactors suitable for residential space heating appear certain to 
cost many times as much as comparable sized conventional home 
heating systems. The upper levels of atomic power giowth in the 
entire next 25 years appear to yield only enough radioactive fission 
products to heat a few thousand homes. 


8.5. CONCLUSIONS AND RECOMMENDATIONS 

Radioisotopes and radiation are already being used by industry 
for process control and inspection and for research. Savings in the 
form of reduced scrap, reductions in additional work performed on 
faulty products in process, and in better knowledge of what is happen- 
ing in complex processes undoubtedly will be large in the years ahead. 
These have become natural tools of industry. 

Atomic heat for industrial processes could be of significance in the 
future. No active research and development program on this prob- 
lem is in progress. In view of the nature of the potential industrial 
applications of process heat, it would appear that private industry 
must bear the primary Sacaaimies for the development of specific 
applications. However, at the present time, only the Commission 
has the facilities required to conduct the metallurgical research essen- 
tial to the development of high temperature reactors. 

Atomic radiation may be very important as a new form of energy 
for the chemical and other industries. Present Commission support 
could profitably be stepped up in these areas of fundamental explora- 
tion. However, here again it appears that the development of 
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specific applications will be most successful if they are carried out 
by the actual industries which are prepared to exploit them. 
Atomic space heating, while theoretically feasible, appears unlikely 
to prove economically competitive on any substantial scale. Never- 
theless, since space heating requirements are a large fraction of total 
national energy demand, any efforts on the part of private industry 
to explore promising ideas should be encouraged by the Commission. 
We recommend: 
that the Commission step up fundamental research in 
areas relating to the use of atomic radiation as a new form of 
energy for material processing; and 
2. that the Commission encourage any efforts by private 
industry to explore promising ideas relating to atomic space 
and process heating. 





CHAPTER 9—IMPACT ON THE UNITED STATES OF 
PEACEFUL ATOMIC DEVELOPMENTS ABROAD 


Introduction and Summary. 
Humanitarian Applications. 
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Medicine. 
Foreign Industrial Applications of Atomic Energy. 
9.3.1. Free World Need for Atomic Power. 
9.3.2. Ability to fill World Atomic Power Needs. 
9.3.3. International Consequences of the Growth of Atomic 
Power. 
9.3.4. The Need for International Atomic Control Measures. 
9.4. Conclusions and Recommendations. 


9.1. INTRODUCTION AND SUMMARY 


Historically, the United States has responded vigorously to the chal- 
lenge of bringing humanitarian and economic help to other people 
throughout the world. Peaceful uses of atomic energy offer oppor- 
tunities for continued leadership. Positive actions, above and beyond 
those now underway, are urgently needed. An alert, forward-looking 
Commission organization and specific goals for United States research 
and development to meet the needs of other nations are dictated by 
this urgency. The United States should speed decisions to do every- 
thing possible to assist, primarily through technological aid, in bring- 
ing atomic power to early realization abroad. With nations desiring 
such prompt assistance, an interim control plan adequate to protect 
against diversions to military use can be devised without conflict with 
our international disarmament aims. Atomic energy could be decisive 
in the struggle to bring peace and plenty to the world. 

The speed with which the United States and other nations of the 
free world act to bring the constructive benefits of atomic energy to all 
peoples will influence the achievement of lasting peace. The bright 
promise of radioactive materials and radioisotopes provides even non- 
industrialized countries with opportunities for improvements in health 
and agriculture. The United States has a great challenge to assert 
its leadership, as it has in the past, in the lessening of poverty and 
distress among all peoples. 

The two main categories of peaceful uses of atomic energy are: 

(2) Humanitarian atomic applications which deal with medicine, 
biology, and agriculture. They are concerned specifically with pro- 
viding nourishment, improving health, and saving lives. Information 
and help in these fields have always been exchanged between nations 
of the free world without boast or fanfare. Such things as these, 
which so directly affect men’s lives, have higher missions than to 
serve as barter in chanceries and foreign ministries. 

(6) Atomic power and other atomic industrial applications have 
captured the imagination of the world because of the broad vistas of 
economic development which they seem to open. Many have been 
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led to believe that the solution to the problems of the world lies with 
these developments: power for power-short areas; a kernel around 
which the economies of underdeveloped areas could grow; even a 
source of energy to provide water to make deserts bloom. In time, 
some of these applications may indeed be realities. Atomic electric 
power, with all its eventual far-reaching consequences, can at present 
reasonably be expected to be economically justifiable soon only in 
high-cost areas where fossil fuels are scarce or expensive. 


9.2, HUMANITARIAN APPLICATIONS 

Want and plenty are hard to reduce to indexes. Every point on 
the scale between these two absolutes marks the state of many people 
in every nation, no matter whether the nations be highly or slightly 
developed economically. Yet if any figures can suggest the many 
lives lived in quiet desperation, they are those which tell of under- 
nourishment and shortened life expectancy. For hundreds of millions 
of men and women in the world, there is only barely enough food to 
sustain life and little prospect of living beyond, or even to, the age 
of 50. 

To the extent that atomic energy can help people everywhere lead 
healthier, longer, and more productive lives, contributions by the 
United States directed toward the needs of others can go far in bring- 
ing to the world an appreciation of the benefits of a free society. 

The minds of men are waiting to be won. Food and health are 
not the only essentials of life, but they are two of its most critical 
elements. In underdeveloped countries where these are in short sup- 
ply, the peaceful uses of atomic energy could be most significant. 
9.2.1. AGRICULTURE 

We have seen in chapter 5 that a basic fact of American agricul- 
ture is overproduction, and that the contributions of atomic energy 
to farming in the United States can contribute to expanding crop 
surpluses. In nations where primitive farming methods and low pro- 
ductivity tie most of the population to the soil, however, atomic en- 
ergy can open paths to improved food supply, thereby releasing more 
people for industrialization. 

Radiation-induced genetic mutation techniques are bringing closer 
the day of tailormade plants. Agricultural experiment stations should 
be at work throughout the world breeding crop types suited to local 
temperatures, rainfall and soils, as well as crops most resistant to 
local diseases and blights. Experimenters should be using atomic 
tracers to learn how best to fertilize local crops, feed local livestock, 
fight local pests. 

Yet it must be noted that famine in underdeveloped countries is 
often as much the result of inadequate food storage, handling, and 
transport facilities as of crop failures. Contributions of atomic energy 
to solving these problems are in prospect but are hardest to achieve 
in the absence of an industrial base, hence more distant in time. 
Free distribution of United States food surpluses can only take the 
form of emergency measures for the relief of famine. Any long-term 
correction of food deficiencies must come about from overall improve- 
ment in the economies of the areas involved. 
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9.2.2. MEDICINE 

Nations most highly advanced medically usually have the highest 
life expectancy rates. In these advanced countries, the effort of 
medical research is for the most part directed at local problems. 
Germs, viruses, and parasites preying on large segments of humanity 
elsewhere receive minor attention. Atomic energy applications in 
medicine can help the less advanced countries, but they will make 
no real headway against high mortality rates until sufficient number 
of properly trained medical researchers and practitioners are avail- 
able to employ modern methods in the diagnosis and treatment of 
endemic diseases. A lengthening of the life span, however, can be a 
cruel disillusionment unless accompanied by improvement in food 
supply, higher standards of living, education, and personal and 
political freedom. 


9.3. FOREIGN INDUSTRIAL APPLICATIONS OF ATOMIC 
SNERGY 

Although world attention has tended to focus on atomic power as 
the principal industrial application of atomic energy, we have noted 
in chapters 7 and 8 that there are a great many others, some of which 
have already been put to use on a substantial scale on the industrial 
scene. The use of radioisotopes in industrial research and the appli- 
cation of radioisotope control devices in various industrial processes 
have not only begun but have even been pioneered in some instances 
in foreign countries. 

Sweden, HMngland, Russia, and Japan, among others, all reported on 
such developments at the Geneva ‘‘Atoms for Peace’’ Conference in 
August 1955. It is important to note, however, that introduction of 
atomic energy in its many forms in underdeveloped countries can 
only be successful as an integral part of educational, health, economic, 
and industrial development. 

We have long recognized that rising standards of living throughout 
the world not only mean better material lives but also generally 
mean more stable political patterns, and also healthier economic 
relationships between nations. Thus, it seems clear that exercise of 
the United States leadership to speed achievement of the benefits of 
general industrial atomic developments by nations where the need 
is great, would redound to our benefit in better friends, in maintenance 
of our international prestige, and in improved outlook for international 
trade. 

Atomic power has already received widespread attention as a 
means for extending the economic strength of industrialized nations 
and for opening new ways to develop economic strength in countries 
undergoing industrialization. 

9.3.1 Free Woruip Neep ror Atomic PowErR 


Very rough estimates of the potential demand abroad for additional 
electric power indicate that atomic power plants to provide in excess 
of 100 million kilowatts generating capability might be installed in 
the free world outside the United States by 1980. The factors which 
might motivate choice between conventionally fueled and atomic 
powerplants are not the same for all areas. For some, the virtual 
elimination of the cost of transporting conventional fuels made 
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possible by substitution of nuclear fuels may be important. For 
others, where the domestic supply of fossil fuels or falling water is 
limited, atomic power may offer a new energy source of great impor- 
tance. Still other areas, which possess adequate conventional energy 
sources, may need atomic power only as a stabilizing influence to retard 
increases in conventional power costs or to free them from international 
political pressures. In many areas a combination of high electric 
generating costs, and restricted or high-cost fuel and hydro resources 
provide sound economic reason for installing atomic power. We 
must note, however, that in some countries, particularly those in which 
understanding of the problems involved is incomplete, it may not be 
presently possible to choose intelligently between conventional and 
atomic power, especially where all industrial development costs are 
high. 

Based upon present costs In some countries, atomic power would be 
competitive—even as generated from present reactor designs which, 
although high in cost, have been proven technically feasible. The 
present program for expansion of the government-owned British 
electric system, through the construction of approximately 100,000 
kilowatts of atomic power capacity by 1958 and 1.5 to 2 million kilo- 
watts by 1965, appears to be based on this conclusion, as well as the 
shortage of domestic coal production. The growth of atomic power 
abroad is likely to take place more rapidly in high-cost or energy-short 
countries than in the United States. 

In highly industrialized nations—and in some which are in the proc- 
ess of industrializing—the se ale of capital requirements, including 
foreign exchange, to support power programs need not be 
limiting factors. Atomic power projects wil! have ea compete, how- 
ever, for such funds with many other demands. Capital formation 
is usually rapid as industrialization proceeds. In underdeveloped 
areas, however, the availability of capital and foreign exchange _ 
be limiting. Atomic power may contribute to economic growth in 
such areas. Yet it is difficult now to judge whether the economies of 
these areas can be organized so as to assure a sufficiently high rate of 
capital formation and of industrial and technical competence. His- 
torically, this process has not taken place rapidly without technical 
and financial assistance from the outside. 

9.3.2. Apmuiry To Fitt Worip Aromic Powrr NEEDS 

The only significant capability to manufacture atomic powerplants 
and sell them in the growing world market now rests with three coun- 
tries: The United States, the United Kingdom, and the Soviet Union. 
All three will be competing in one way or another. This situation 
will probably continue for several years. Although other nations are 
developing self-supporting atomic power capabilities, the limited 
availability of nuclear fuels and of scientific and engineering personnel 
will retard their competition for the furnishing of complete atomic 
power systems in world markets. Development of specialized capa- 
bilities in the manufacture of reactor components, controls, pumps, 
and similar products will probably occupy such other nations for the 
next several years. 
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9.3.3. INTERNATIONAL CONSEQUENCES OF THE GROWTH OF ATOMI 
PoWwER 

World interest in obtaining the benefits of atomic power promptly 
is now at a very high level. If anything, it has grown more rapidly 
than have the technological developments needed to justify this in- 
terest. Some fear damage to our national prestige if we now make 
available reactors that might soon be superseded by more advanced 
types. This fear in part seems to stem from the fact that certain 
relevant engineering and economic information on reactor technology 
in the United States still remains classified. If other nations need 
atomic power now, if they seek advice in the United States, we believe 
that there is an obligation to make a full and frank disclosure of pres- 
ent and prospective states of the art concerning the most advanced 
technical and economic designs of atomic powerplants, at 
nuclear-fuel prices, insofar as realistic considerations of national s 
curity permit. The decisions of these countries must be their own 
and should be based upon access to all the pertinent facts. 

The returns to be expected from such frank international policy are 
substantial. In the uncommitted areas of the world, American leader- 
ship in making atomic power available could be a strong influence in 
guiding these areas toward the course of freedom. In this sense, 
atomic power acquires great importance in international relations. 
This consideration should strongly influence our national policy as to 
the rate at which the de -velopme nt of atomic power suitable for such 
purposes is pressed. There is urgency for the development in the 
United States of atomic powe rplants suited to the needs of the other 
nations of the free world. Generally speaking, this means the smaller 
sized plants on which all-too-little development work has been done 
as yet. (See ch. 2.) 

This urgency which exists for foreign atomic power has domestic 
benefits as well. The growth of an atomic power program will prob- 
ably not become significant before 1965. A gap may occur for the 
power equipment manufacturing industry between present domestic 
interest in atomic power reactors and actual sales in substantial volume. 
If the equipment manufacturers, operating in our free-enterprise 
tradition, are to be expected to carry forward research and develop- 
ment directed toward making atomic power competitive in the United 
States, the foreign market for power reactors with its high near term 
growth potential may offer a solution to bridging this gap. The 
potential demand may represent a $30 billion market. In chapter 2 
we discuss the steps we believe proper for assuring that this level of 
urgency is met. 

Definite goals for the installation of atomic power abroad should 
be set. These goals, and the role of the United States in meeting them, 

‘an be established by holding a series of small international conferences 
with friendly nations needing assistance. We do not see that such 
action is inconsistent with the establishment of the international 
agency now being discussed. In fact, by such an approach, part of 
the objectives of such an agency will be accomplished in advance of 
its organization. 

We . specifically note, however, that special subsidies from the Com- 
mission, such as free plant construction, free fuel or higher prices for 
byproduct plutonium and uranium 233 than paid domestically, 
should not be used in connection with a foreign power reactor pro- 
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gram. Financing of all foreign installations, atomic and conven- 
tional—to the extent to which the Federal Government becomes 
involved—must be kept within normal channels for the extension of 
financial assistance abroad. Any other course will complicate to 
the point of unworkability what should be a straightforward compre- 
hensive policy covering international economic activities of the United 
States. 

9.3.4. Toe NerxEep ror INTERNATIONAL Atomic Controt MEASURES 

There are consequences of the growth of atomic electric power 
abroad that may be of great military importance. Operation of 
atomic power reactors results in byproduct plutonium or uranium 
233, useful in weapons manufacture. The establishment of atomic 
powerplants throughout the world, therefore, presents the problem 
of controlling these byproducts in such a way as to prevent diversion 
to military purposes. 

One method for controlling military atomic activity obviously lies 
in the achievement of complete international control of such activi- 
ties. Ten years of negotiation toward this end have not been fruitful. 
An alternative control mechanism lies in the more limited approach 
offered by controlling byproduct plutonium and uranium 233 derived 
from peaceful atomic applications. This type of control appears to 
hold some promise of achievement. 

The character of control measures must be considered if the eco- 
nomics of atomic powerplants are not to be burdened with the costs 
of stringent security safeguards. Elaborate systems for checking the 
flow of materials through reactors and fuel processing plants, and for 
inspection teams and physical security measures would add greatly to 
the cost of plant operation. Yet these are the types of measures con- 
sidered essential in order to insure against byproduct diversion to 
weapons manufacture. 

The prestige of the United States is at stake. Atomic power must 
be made available now. Therefore, the problem of control must be 
treated with a greater-sense of urgency than is presently evident. 
Negotiations looking toward formation of an international agency 
are now underway but by their very nature are lengthy and time 
consuming. Skilled personnel must be trained, and “understanding 
of the complex problems that may arise must be achieved. The 
Commission training schools for foreign technicians and joint State 
Department-Commission negotiation of 27 bilateral agreements pro- 
viding for United States assistance in nuclear research are necessary 
steps. However, action still more prompt and positive is required. 

As we have noted, the United States should take the initiative in 
pringing about the establishment of immediate goals for the installa- 
tion of atomic power in friendly power-short countries needing greater 
industrialization. We believe the United States should get on with 
making atomic power available now to these nations. We believe 
that this can and should be done on an interim basis with bilateral 
agreements permitting appropriate inspection, providing for fuel re- 
processing in the U nited States, and providing for earmarking plu- 
tonium and uranium 233 thus recovered exclusively for further peace- 
ful uses. Other control mechanisms of a broader nature can be 
devised and agreed upon later. 
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9.4. CONCLUSIONS AND RECOMMENDATIONS 

The humanitarian applications of atomic energy can make signifi- 
cant contributions to the health and prosperity of peoples throughout 
the world. These techniques offer the United States an opportunity 
to establish specific research goals, the accomplishment of which could 
demonstrate the benefits ay our concepts of freedom and _ impor- 
tance of the individual in society. There are many ways in which 
United States leadershie in applic ation of humanitarian uses must 
be pressed forward with imagination and vigor. 

Atomic power may be the most tangible symbol of American’s will 
to peace through the peaceful atom. Our domestic needs cannot be 
our only motivation. Otherwise, we leave without effective rebuttal 
the argument that America is so rich, so prosperous, that a revolu- 
tionary new energy resource can emerge without any urgent need on 
our part to put it to man’s use. This must seem a strange position 
indeed to peoples possessing neither conventional fuels nor technical 
capabilities to put the atom to work. 

If we fail to act to bring atomic power to the free world, other 
countries will do so ahead of us, or progress will proceed at a slower 
pace. 

Peaceful uses of atomic energy will inevitably be developed through- 
out the world. The United States must lead. 

Therefore, we recommend: 

that the executive branch establish specific research and 
development goals to meet the needs of friendly nations; and 
that attainment of these goals be assured by provision of tech- 
nical services, including the conduct of projects at home and 
abroad aimed at deve ‘loping crops and farming methods, medical 
practices, and education and training in basic science and in 
applied atomic techniques adapted to the problems of specific 
friendly nations; 

2. that the Commission center its responsibilities with respect 
to international development of peaceful uses of atomic energy 
in one alert, forward-looking organizational unit; 

3. that adequate research and educational equipment and 
facilities be provided to friendly countries, accompanying research 
reactors sponsored by the United States, so that atomic scientific, 
agricultural, and medical benefits can be ‘brought to bear promptly 
whe ‘re most needed; 

that the United States encourage other nations to decide 
wale themselves the rate at which they wish to apply atomic 
power and other industrial uses of atomic energy to their own 
economies, to which end, we further recommend: 

I. that the United States promptly convene a series of 
regional conferences of our bilateral partners for the imme- 
diate establishment of realistic goals for the installation of 
atomic electric generating plants i in specific countries; 

II. that the United States, in issuing invitations to such 
conferences, announce that it is prepared to furnish nuclear 
fuels, provide necessary technological assistance and permit 
contracts for the installation of at least 1 million kilowatts 
of atomic generating capacity outside o United States as 
soon as possible—we hope by 1960. The attention of the 
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world should be called to the fact that such a program would 
parallel and possibly exceed the capacity installed during the 
same period at home; 

IIl. that financial assistance, when required and where 
justified for this program, be made available through normal 
governmental and private channels, not through the Com- 
mission; and 

IV. that atomic powerplants constructed under these pro- 
grams be subject to interim control plans involving appro- 
priate inspection to be agreed upon by each participating 
bilateral partner, and requiring reprocessing of spent fuel 
and recovery of plutonium or uranium 233 in the United 
States; materials thus recovered to be earmarked for further 
expansion of peaceful uses. 





CHAPTER 10—PUBLIC AND PRIVATE ATTITUDES AS THEY 
AFFECT DEVELOPMENT OF THE PEACEFUL USES 


10.1. Introduction and Summary. 

10.2. Industry Attitudes in Action. 

10.3. Effects of United States Government and Industry Attitudes 
and Actions Abroad. 

10.4. International Control as it Affects Commission Attitudes on 
Domestic and Foreign Development. 

10.5. Commission Attitudes as they Affect Peaceful Development. 

10.6. The Role of the Press. 

10.7. Conclusions. 


10.1. INTRODUCTION AND SUMMARY 

The Atomic Energy Act of 1954 encourages a Federal Government 
attitude favorable to the development and application of peaceful 
uses of atomic energy by private enterprise. These encouragements 
are conveyed as much by the general language of the 19; 54 act as by 
its specific provisions. The Commission is c alled upon ‘‘to strengthen 
free competition in private enterprise.’’ Licensees seeking to conduct 
experimental work are to be subjected to the “minimum amount” of 
regulations. Services are to be made available to private industry 
in such a way as “‘will not discourage the development of sources of 
supply independent of the Commission.”’ In other words, develop- 
ment of peaceful uses of atomic energy are to go forward in a climate 
favorable to private activity without jeopardy to the public safety or 
interest. 

“Climate’’ and ‘attitude’ are by no means definite words, vet they 
do convey the sense of that with which the Congress was apparently 
attempting to deal. “Climate” and “attitude’’ cannot be legislated. 
Men cannot be forced by law to take a particular attitude; they can 
only be called upon to act or not act on specific issues in specific ways. 
Yet attitude and climate relating tv peaceful uses of atomic energy 
are perhaps the most critical aspect of the entire pattern of Govern- 
ment and private actions. 

How the Commission acts or does not act in specific situations will 
inevitably be the result of the balancing of many conflicting interests. 
Among these are: policies relating to exercise of United States leader- 
ship in international development both of peaceful uses and of control 
of military uses of atomic energy; actual expressed needs, both public 
and private, for the potential benefits of various peaceful uses; con- 
gressional attitudes regarding big business, small business, privately 
owned electric utilities, public power, budget balancing, and many 
other subjects; and, of course, military requirements. 

Despite the many delegations of authority to the Commission in the 
1954 act, exercise of this authority, especially in the absence of more 
definitive standards in the law, requires interpretations not only of 
the language of the 1954 act but of diverse public and private 
attitudes. 
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10.2. INDUSTRY ATTITUDES AND ACTION 

Leaders of the American business community testified in strong 
support of the new law in 1954. They supported the conclusion that 
the time had come to end the Government monopoly. Since the 
passage of the 1954 act, some of the technical and economic problems 
standing in the way of a large and profitable atomic business have 
begun to be more widely appreciated. Such comments as these are 
being heard: 

That the Commission set the guaranteed price, to be paid for by- 
product plutonium produced in private atomic power plants, too low to 
permit prompt profitability ; 

That the 7-year guaranteed price period for such material is not 
Jong enough to permit assured recovery ‘of investment; 

That the requirement that industry bear the total insurance 
liability for private activities is an excessive burden, and that Gov- 
ernment should assume the responsibility in whole or part; 

That the Commission should give more financial aid and research 
assistance to pote ntial licensees; and 

That Americans should have more freedom to sell atomic equipment 
abroad. 

The actual approaches by private enterprise to the Commission 
seeking licenses to conduct activities involving millions of dollars 
have, with only two exceptions, called for Commission contributions 
also measured in millions. All private atomic power proposals 
apparently are heavily dependent on continuance of planned Com- 
mission research and development projects. None of the announced 
private development centers are as yet much beyond the planning 
stage. And no completely privately financed experimental or 
“demonstration’”’ reactor seems likely to be operated before 1959. 

These comments and actions do not necessarily mean that private 
enterprise cannot do the job. They do suggest that the technical 
and economic realities of this stage of development of peaceful uses, 
especially in the field of atomic power, are not as yet entirely favorable, 
that present profitability is doubtful, and that future profitability is 
still not certain. 

Some highly publicized statements, however, do not take these 
facts into serious consideration. Announcements of plans are some- 
times mistaken for accomplishment of objectives. This would be of 
no serious consequence in itself, if it did not tend to affect future 
conditions. Words sometimes outrun deeds. 

Some real facts, such as the use of the threat of development of 
low-cost atomic pewer as leverage over conventional fuel.and trans- 
portation costs, may well be magnified out of proportion in the 
public mind. This overmagnification in the public mind might 
add up to real losses of potential atomic benefits and reduce the value 
of peaceful atomic development as an element of United States 
leadership. ' 


10.3. EFFECTS OF UNITED STATES GOVERNMENT AND 
INDUSTRY ATTITUDES AND ACTIONS ABROAD 

A variation on the pattern of public misunderstanding can be 

observed abroad. In some parts of the world, where people are not 

well versed in atomic energy or industrial techniques, people have 

been encouraged to expect very much from the peaceful atom very 
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soon. They expect their deserts to bloom and industrialization to 
take place swiftly. Other countries, eager to win foreign sympathies 
and markets, have been stimulated into trying to outdo American 
spokesmen. 

The promises are genuine; the hopes are well founded; but under- 
standing of the time scale involved seems all teo frequently to be 
inadequate. If promises—stated or implied—do not become realities, 
who will be blamed? What motives will be attributed? What will 
be the consequences? 

Technical facts are frequently stretched beyond reality in speeches, 
articles, and statements by highly placed officials in both the executive 
and legislative branches. American businessmen of international 
stature also make the same error. Atomic energy is established 
newsworthy in itself and receives international news coverage 
There seems to be a natural tendency for each speaker or writer to 
outpromise the last. Such actions can be a basic disservice to the 
vast millions who are uninitiated to atomic facts. The objectives of 
our research programs cannot be accomplished by wishful thinking. 


10.4. INTERNATIONAL CONTROL AS IT AFFECTS COM- 
MISSION ATTITUDES ON DOMESTIC AND FOREIGN 
DEVELOPMENT 

As noted in chapter 9, atomic fuels can be diverted to military uses 
unless there is an effective system of controls. Although private 
organizations are anxious to manufacture and sell atomic equipment 
throughout the world, the political responsibility for development and 
integration of sound and compatible policies for control of fissionable 
materials at home and abroad certainly does not lie on industry. It 
lies on the Government. Yet examination of various official Govern- 
ment speeches and documents does not reveal any central executive 
policy with regard to the basic aspects of American participation in the 
development of peaceful uses of atomic energy in foreign countries. 

Individual policy decisions are made one at a time, but there does not 

appear to be any integrated or thoroughly thought through policy. 

The United States cannot move forward in encour agement and 

assistance to foreign countries in the achievement of the peaceful 
benefits of atomic energy, especially atomic electric power, without 
insuring that these actions will be compatible with United States 
policy relating to the international control of atomic weapons. 
Whether the United States can successfully devise workable and 
acceptable solutions to the problems: (1) of encouraging foreign peaceful 
applications and (2) of safeguarding against diversion of fissionable 
materials for military purposes, may determine the ultimate success 
or failure in achieving international control of atomic and thermo- 
nuclear weapons, The stakes are high. United States actions in the 
peaceful uses must not be taken in such a way as to undermine the 
prospects for international military control. Our actions must demon. 
strate conclusively to Russia and others that workable control mech- 
anisms can be devised which will permit achievement of peaceful 
benefits without increased military risk. 

Since 1945, the Soviet Union has consistently obstructed the 
efforts of the United States to establish international control of atomic 
energy. Since late summer of 1955 renewed efforts have been under- 


71499—56——_8 











102 PEACEFUL USES OF ATOMIC ENERGY 


way in the executive branch to arrive at new approaches to compatible, 
workable policies and plans relating both to peaceful uses and military 
controls. Those responsible for administering the Atomic Energy 
Act of 1954 are to some extent marking time, awaiting the completion 
of these policies and plans. Though these months of de lav are unfortu- 
nate, the responsibility for failure to come into accord thus far rests 
squarely on Soviet obstruction. For us to act precipitously, however, 
might be tragic. 

Yet this entire deterrent barring achievement of sound Federal 
attitudes regarding development of the pes aceful uses of atomic energy 
is one which can be dealt with now. The United States can and 
must move ahead in helping other nations in peaceful atomic develop- 
ment, or suffer the charge of withholding such aid willfully. Skillful 
planning and diplomacy can do much to offset such charges, especially 
if plans for immediate assistance are forthcoming. (See sec. 9.4.) 
It behooves industry and Government to recognize this problem and 
act in the common interest for its solution. 

Those who must administer the Atomic Energy Act of 1954 are 
inevitably forced to conduct themselves in a flexible manner in the 
interim. There are in the law encouragements to cooperate with 
friendly nations for the development of peaceful uses of atomic 
energy. Without integrated policy guidance, the administrators are 
given a responsibility beyond that which should be entrusted to them. 
Under these circumstances, it is certainly easier to criticize the Com- 
mission than to serve on it or in its organization. 


0.5 COMMISSION ATTITUDES AS THEY AFFECT PEACE- 
FUL DEVELOPMENT 

The public attitude which now exists could result in the Commis- 
sion’s being charged with delaying accomplishment of the full benefit 
of peaceful uses of atomic energy. Before the propriety of such 
charges can be determined, the interaction of Commission attitudes 
and those of the public, Congress, and the world at large should be 
examined. 

The Commission is the central Federal agency for development, 
production, and regulation of both military and peaceful uses of atomic 
energy. The personnel of the Commission and its operating con- 
tractors were fully concentrated on their own centrally directed pro- 
grams until the latter part of 1954. The 1954 act did not relieve the 
Commission of its primary responsibility for military development and 
production. It added to that responsibility a complex of regulatory 
and encouragement functions in the peaceful field not wholly 
compatible with the military tasks. 

Commissioners and the Commission organization have reason to 
be proud of the Commission’s accomplishments. There are good 
reasons why some things may seem to move slowly. No great volume 
of peace ful uses of atomic energy exists today. There is no table of 
experience in industrial atomic activities on which to draw in the 
preparation of rules and regulations. More technological and eco- 
nomic data than are now on hand must be developed before such 
experience becomes meaningful. The Commission is more aware 
of this than are many observers, even than some closely related to it. 
Drafted under pressure so as to open rapidly the peaceful uses of 
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atomic energy to private enterprise, the language of the 1954 aet 
sometimes seems to confuse hope for eventual deve lopme nt of a flour- 
ishing private industry with the misconception that such an industr 
is already in being. The Commission and its contractors are acute I 
aware of how much remains to be done and of the time all hands will 
need to accomplish it. 


10.6. THE ROLE OF THE PRESS 

Much of the answer to this problem of achieving a balanced and 
temperate public attitude lies with the press and other public informa 
tion media. In the manner in which they present statements and 
views of public and private leaders, the press—both at home and 
abroad— has an opportunity to evaluate the true worth and new value 
of what is said. Such evaluation requires special knowledge of this 
field and good judgment. As more members of the press and other 
public information media make the effort to inform themselves of the 
available technical facts, the public’s ability to evaluate these matters 
soundly will in the same measure increase. Past examples of states 
manship among those responsible in our society for informing the 
public will undoubtedly find repetition in this field. 


10.7. CONCLUSIONS 

Until there is a better informed public opinion—until there is more 
balance in programing what lies ahead—and until there is integrated 
policy to guide both our domestic development and our participation 
in international deve lopment of peaceful uses of atomic energy com- 
patible with international atomic control, attitudes and climate alike 
are apt to shift from day to dav and week to week. Stabilizing these 
in the framework of sound public policy is a task which requires the 
concerted, responsible attention of all those seriously interested in thi 
future of America in the atomic age. 

With the opening up of applications of peaceful uses of atomic 
energy to private enterprise, however, the Congress clearly needs the 
full benefit of a well-informed and vocal public opinion. This is 
necessary to provide a balance to special-interest pressures. In the 
normal course of the democratic process there are pressures concern- 
ing public and private power, concerning guaranteed ore and by- 
product. purchasing programs, concerning I ‘ederal encouragement of 
developments whic sh, it is feared, ms iv cause dislocation of workers or 
obsolescence of capital investment. These and other pressures can 
best be kept in balance by an informed and critical public, and an 
intelligent, freely functioning press. It therefore follows that the 
inherent requirement for less secrecy and freer flow of significant 
information concerning the peaceful uses of atomic energy is greater 
than the encouragements to this end contained in the 1954 act. 
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INTRODUCTION AND SUMMARY 

Throughout preceding chapters we have noted effects of the avail- 
ability of information on the rate of growth of peaceful applications 
of atomic energy. ‘Two basic precepts must guide the consideration 
of controls restricting the availability of information: 

First, the interests of national security must be considered para- 
mount. Therefore, the disclosure of military information of value to 
potential enemies must be prevented. 

Second, basic nuclear science knows no national boundaries. Wher- 
ever competent men and women and basic scientific research facilities 
needed to conduct research come together, scientific facts are certain 
to be discovered; probably, the ‘V will be exploited. There can be no 
absolute monopoly of scientific knowledge in any one country. At 
best, only a temporary lead can be achieved. 

The existence of two information control systems—one for atomic 
data, one for “defense” data—is based on the vital role of atomic 
weapons in our defense. These dual controls had greater validity 
when the United States had a monopoly of atomic development. 
With the growth of nuclear capabilities in other countries, dual con- 
trols would appear to be cumbersome, and without substantial 
offsetting benefits. 

Other countries now have developed and applied atomic energy to 
peaceful as well as military uses. As a consequence, in recent months, 
techniques have been devised by the Commission for making more 
classified peaceful uses data available to more people. The Geneva 
‘‘Atoms for Peace”’ Conference stimulated a great deal of declassifica- 
tion, as well. 

Yet direct engagement in the Commission’s own programs, either 
by contract or otherwise, is still the most effective way for firms or 
individuals to obtain full access to pertinent information. Resulting 
inequities could be somewhat relieved by vigorous actions to prepare 
compilations of all pertinent data on a regular basis and to make them 
uniformly available. Declassification by whole categories of knowl- 
edge—such as reactor technology—could also be explored profitably. 


11.2 THE REASONS FOR SECRECY 
Information relating to design, manufacture, or utilization of 
atomic and thermonuclear weapons, production of special nuclear 
materials, and use of special nuclear material in the production of 
energy is classified by the 1954 act, administered by the Commission, 
as “restricted data.’”’ Within these categories, the Commission must 
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require the classification and control of all information from the 
moment of its conception, wherever it is conceived. It is “‘born’’ 
classified. 

This conception of control assumes that the information involved 
might be so significant to the defense of the United States, or to the 
advancement of adversary military postures by foreign nations, as to 
require absolute and immediate control. The effect of this system of 
control is to limit access to classified information until it can be 
examined critically from every aspect. Only after it has been ‘“‘born”’ 
classified can it be considered for release. Declassification requires 
balancing the assistance afforded to a potential enemy against the 
positive benefits which might result from free disclosure. 

For example, development of a new technic que for manufacturing 

a reactor fuel element with desirable characteristics would be con- 
sidered classified because knowledge of it might permit higher levels 
of production of plutonium for atomic weapons in foreign production 
reactors. This knowledge might also indicate something of the 
future levels of plutonium production in the United States—thus 
indirectly exposing information about the future rate of growth of 
the United States we: ipons stockpile. On the other hand, this same 
information might permit more rapid industrial development of 
efficient—hence economically competitive—atomic electric power- 
plants. 

The less relevance information has to the use of atomic energy for 
military purposes, the more easily its sensitivity can be gaged. Thus, 
the Commission has placed almost entirely out of the classification 
system some categories of information, such as the results of atomic 
research in the fields of medicine, agriculture, and food preservation. 


The 1954 act requires the Commission to review its classification 
guide continuously in the light of changing domestic and international 
developments. Questions most commonly raised by industrial firms 
and individuals and others about this system seem to go more to the 
judgment exercised by the Commission than to the appropriateness 
of the control-system concept. 


11.3. PRESENT STATUS OF INFORMATION CONTROLS 

There is no accurate measure of how much atomic information is 
now out from under control and how much remains classified. In 
addition to documents already declassified, the Commission is now 
in the process of reviewing 28,000 more for possible release. But 
certainly the number of declassified documents involved is unimport- 
ant by itself, since it is not known how much of the information ts 
either significant or up to date. Where more exact recent data is 
retained as classified, publication of old data is more likely to do 
damage than to be of assistance. It can send those whom it is 
intended to benefit off in the wrong direction or lead them to do over 

again classified work already completed but undisclosed. 

An attempt to resolve this impasse has been made by the Com- 
mission. It involves issuance of so-called “access permits” to poten- 
tial or active participants in the development of the peaceful uses of 
atomic energy. Under such permits, persons with limited clear- 
ances—somewhat more readily attained than full clearances—are 
permitted access to certain categories of classified information. This 
mechanism is apparently proving helpful, but it does not solve the 
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problem. The categories of information to which the permits appl 
are limited. The existence of other relevant information, to which 
access 18 not permitted, serves to introduce the element of the un 
known which can be a strong deterrent to private investment 

About 500 organizations have now received ‘access permits.”’ Of 
these about 100 have requested and received access to “secret” 
restricted data as well as “confidential” restricted data. The Com 
mission has established what amount to library guides to classified 
information. All Commission field offices have been instructed to 
help ‘‘access permit” holders determine the kind of data needed and 
to help them locate it. Steadily increasing numbers of documents 
and reports are being reviewed and made available for the use of 
‘access permit”? holders. <A start has at least been made. 

A nuclear reactor, even an atomic powerplant, can be built today 
without access to classified information. Most peaceful uses of 
atomic energy not involving reactors can be undertaken without 
“aecess’’ to classified information. In many cases, however, the 
results will be less efficient, less economic, and less advanced than 
would have been possible with access to classified information 
Responsible persons, as we have noted above, can get access to some 
restricted data after proper clearance. Even then, however, pros- 
pective peaceful applications must go forward without the benefit of 
much of the data developed for advanced military projects. Atomic 
powerplant projects, for example, are essentially isolated from atomic 
propulsion projects for submarines and aircraft—yet both involve 
reactor technology. Atomic fuel prices are classified, hence atomic 
power economics cannot be discussed effectively with potential 
customers. 

Thus we observe that, for the most part, the machinery for making 
more information available to more people is running faster than it 
apparently did before the 1954 act. More peeple can get more data, 
but much data significant for peaceful uses is not available. Basically, 
however, the system is the same as before the 1954 act: most signifi- 
cant data is “born” classified and must await Commission action 
before it can be made available for general use. 

The Commission is considering ‘“declassification of all reactor 
technology,” but it is not clear exactly what the word ‘all’? would be 
interpreted to mean in this context. Even if the Commission defined 
this term most broadly, the Defense Department could impose 
military classification on the information relating to reactor tech- 
nology having military applications. 

Furthermore, by international agreement, the United States uses 
the same declassification guide as used by Canada and the United 
Kingdom. There is no assurance that a United States proposal to 

“declassify all reactor technology” will meet with acceptance by the 
other nations. ‘Thus a policy of decision of far-reaching consequences 
could be involved; namely, that the United States sever its present 
three-nation information control agreement. No near-term decision 
seems likely in this area. 

Recently the Commission advised of a new program for the com- 
pilation of series of technical books containing all the latest de- 
classifiable atomic technology. A similar project, called the Nuclear 
Energy Series, ended in 1950. <A high speed project limited in scope 
but of great general usefulness was performed for the Geneva “Atoms 
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for Peace’? Conference in August 1955. The time schedule for the 
new series is not established. The work does not appear to have high 
priority, and apparently is to be limited to declassifiable information. 
For the first time, however, there are plans to keep such a series up to 
date with future supplements. Assistance in the form of collections 
of this sort is not now available covering classified information relating 
to peaceful uses. There has been a classified journal of reactor 
technology published by the Commission. However, this journal 
has not been available to access permit holders because it includes 
military data. 


11.4 IMPACT OF CONTINUATION OF PRESENT INFORMA- 
TION CONTROLS 

There are three principal and direct effects of the present system 
of information control: 

(1) Individuals interested in developing and applying peaceful uses 
of atomic energy can never be sure they know about classified infor- 
mation pertinent to their own activities. Therefore, at any moment, 
they may find their work made obsolete or ineffectual by an act of 
declassification or downgrading of classification by the Commission. 

(2) Because problems as well as information are classified, fewer 
people can know about them and therefore the time required for prog- 
ress in the development of peaceful uses may be extended. This is 
especially true of such pioneer areas as controlled thermonuclear 
power. This field is classified because a breakthrough could yield 
fissionable materials for weapons, as a byproduct to electric power. 

The dual system of classification by the Commission and classi- 
fication by the Defense Department gives each system of classification, 
military and atomic, added staying power since perfect coordination 
of the two systems is never possible. When the Commission does 
not desire to release data someone wants, it can imply objections from 
the Defense Department, and vice versa. In the meantime, oppor- 
tunity exists for accidental release of vital information through failure 
to coordinate. 

There are also two strong indirect effects: First, contractors to the 
Commission have full access to all data needed in connection with 
their projects. They thus have an advantage over mere ‘‘access 
permit”? holders. No absolutely foolproof system to prevent con- 
tractors from using data acquired in this way on their private work 
seems possible, therefore the contract route to information continues 
to be more effective than the permit route. Only by hiring ex- 
employees of the Commission or its contractors, or by placing their 
own employees as guest investigators in Commission laboratories, 
can “‘outsiders”’ partially offset. this advantage. 

Secondly, as more industrial organizations and individuals engage 
in development and application of peaceful uses under a controlled 
information system, the basic freedom of citizens and investors alike 
seem likely to be damaged. Imposition of a security system on a 
growing segment of American industry and normal life does not 
appear compatible with historic patterns. It is as though all radio 
and television research were classified because it might lead to improve- 
ments in radar, or as though all petroleum research were classified 
because it might lead to better fuels for military aircraft and missiles. 
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11.5. CONCLUSIONS AND RECOMMENDATIONS 

National security requires that some information related to atomic 
energy be controlled. Important though the peaceful uses of atomic 
energy may be, military uses are vital to our defense. As long as 
world tensions continue, some classification system will be required 
both to reduce the knowledge of potential enemies about our defenses 
and to avoid making it easier for potential enemies to build military 
strength to be used against us. 

The existence of a dual system of information control, one for 
“atomic” information and one for “defense’’ information, has less 
validity now that other countries have developed capabilities of their 
own in military and peaceful uses of atomic energy. We would think 
it appropriate for both the Congress and the executive branch to 
explore the possibility of reinstituting a single information control 
system with uniformly applicable penal provisions for violations. 
The concept that information is “born’’ classified is not compatible 
with the expeditious action required to make information available 
for the full development of peaceful uses. This concept should be 
limited to nuclear weapons. 

As long as any atomic information remains under control, those 
interested in its development and applications will suffer serious 
handicaps. No administrative agency can ever give a guaranty 
that a private citizen has all the information needed for decisions and 
actions. 

The Commission can take steps beyond those now contemplated, 
however, to improve the situation. The collation of all infermation 
pertinent to peaceful uses on some rapid and continuing basis is an 
important technique. Collections can and ahould be divided into 
classified and unclassified categories so that they can be made available 
to the maximum number of people. Without action of this sort, 
important data seem doomed to pile up in obscure documents, and 
never reach those competent to use them. Such data may not even 
come to bear fully on Commission work. If any significant quantity 
of information essential to development of peaceful uses is to remain 
classified, it would seem that a substantial number of people will have 
to become engaged, directly or by contract, in the tasks of digesting, 
collating, reviewing, and distributing it for those entitled to use it. 

Therefore we recommend: 

that the Commission remove all reactor technology from 
the restricted data category, including such areas as fuel element 
fabrication and processing techniques, leaving specific military 
applications of such technology to be protected, insofar as 
national security is involved, by “the defense classification system; 
2. that the Joint Committee reexamine the concept that atomic 
information in all fields is ‘‘born”’ classified; we believe that this 
concept is not compatible with the expeditious action required 
to permit rapid development of peaceful uses of atomic energy; 
and that therefore this concept should be limited to the design, 
manufacture, or utilization of atomic weapons; and 
3. that the Joint Committee require the Commission to 
undertake the compilation of both classified and unclassified 
information relating to peaceful uses of atomic energy on a con- 
tinuing and current basis so that it can be available in ready 
reference form for those entitled to use it. 
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12.1. INTRODUCTION AND SUMMARY 

One of the most important resources of any highly industrialized 
nation is its knowledge, from basic and applied research. Basic 
research includes scientific or engineering inquiry not identified with 
specific products or process applications. It has the primary objec- 
tive of adding to the fund of pure knowledge. Applied research 
draws upon this fund for specific products or processes. 

Modern technology is the result of application of the discoveries 
of past years. The technology of the future, the economic strength of 
the years ahead, lies in continuing application and in discoveries of 
new basic knowledge still to be made. 

At no time has the importance of new basic knowledge been more 
dramatically evident than in the enormous atomic weapons develop- 
ment program of World War II, initiated by a single laboratory dis- 
covery. Scientific genius from many countries combined with Ameri- 
can engineering ingenuity to condense decades of development into 
months. Perhaps this is a prime measure of our time: The speed 
with which new, fundamental knowledge is translated from theory to 
experiment to use. 

Without new discoveries there can be no new applications. This is 
the simple and direct reason why total research has grown and must 
continue to grow, even though the motivations come in large measure 
from our concern with national security. 

Commission research policy on the peaceful uses of atomic energy 
can encourage or discourage widespread participation. It can 
strengthen or weaken the respective concepts of the roles of Govern- 
ment and private enterprise. The need for balance is sometimes 
obscured by the desire for immediate material benefits. Some believe 
that continuation, even expansion, of Commission research is essential. 
Others hold that Commission action amounts to competition which 
will discourage private participation. 

The Commission is in someway involved in most of the research now 
related to peaceful uses. Basic research is supported by the Com- 
mission in universities and conducted in its own laboratories, Ap- 
plied research is almost entirely financed, sponsored, or controlled by 
the Commission. For full and expe «ditious explor ty of every prom- 
ising research route, the task, however, is beyond the capabilities of the 
Commission alone. The Commission laboratories serve both military 
and peaceful ends and cannot falter. Increased participation by 
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others is essential if the economic and humanitarian benefits attainable 
are to be achieved. 

The balance between continued Commission research strength and 
the healthy growth of non-Commission participation requires that the 
Commission continue its own present work but look toward the ulti- 
mate objective of concentrating on the frontiers of research. During 
the transition, the Commission must: Avoid competition with willing 
and vigorous efforts by others, provide complete and current state- 
ments of its own research programs; make available full information 
promptly in organized form; and encourage participation by others 
through rese arch contracts wherever its own program will benefit 
the reby : 

The Commission research strength can thus be maintained so that 
the interests of the Nation will be served effectively if other participa- 
tion fails to develop. 


12.2. CURRENT FRAMEWORK FOR RESEARCH AND DE- 
VELOPMENT ON PEACEFUL USES 

In 1953 the United States spent about $5.5 billion on all scientific 
and engineering research and development and has probably invested 
in excess of $6 billion in 1955. Two-thirds of all research and develop- 
ment is performed by industrial organizations; the balance is ac- 
complished in Government laboratories and universities. The Gov- 
ernment actually pays, however, for about half of all the above noted 
research work. Its share is primarily in connection with defense 
efforts. 

There is no accurate breakdown between basic and applied research. 
It seems likely, however, that basic research accounts for only a small 
proportion of all research and de ‘velopment expenditures. 

The Atomic Energy Commission spent $227.6 million in the Julv 
1953 June 1954 period on all its research and development. Table I 
in chapter 2 outlines proposed Commission expenditures of $224 million 
between 1954 and 1962 for specific exploratory atomic power develop- 
ment projects. Private industry is presently proposing to spend $223 
million on these same projects. 

Out of a total manpower pool in excess of 550,000 scientists and 
engineers in 1953, 157,000 worked on industrial research and develop- 
ment of all types. Commission contractors currently employ about 
14,000 scientists and engineers on all research and development. Of 
these, less than 1,700 are engaged in development of primarily peaceful 
uses and another 4,400 are occupied with peaceful uses part of their 
time. 

The bulk of all research and development on peaceful uses of atomic 
energy is today performed in three national laboratories and other 
principal contractor-operated Commission laboratories. These are the 
only research centers in the country which now possess the very expen- 
sive facilities for such advanced work. Several large companies have 
announced plans to build large experimental centers, but none of these 
laboratories has as yet reached the construction stage. Some of the 
most promising lines of basic research and some applied work related 
to nonpower uses of atomic energy, however, do not require extensive 
facilities. Such projects are going forward in many university and 
industrial laboratories. 
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The Commission laboratories vary from those like Los Alamos en- 
gaged primarily on military research to Brookhaven National Labora- 
tory where almost all work is of a peaceful nature. Los Alamos, 
Livermore, the Radiation Laboratory at Berkeley, Argonne, Brook- 
haven, and Oak Ridge all have substantial coordinated ‘basic research 
programs, although their budgets reflect heavy applied research and 
development activities as well. On the other hand, laboratories such 
as those at Schenectady and Pittsburgh, and the National Reactor 
Test Station in Idaho are almost entirely applied development centers. 
Within these types, there are wide variations. For example, Brook- 
haven essentially reflects the research interests of universities in the 
Northeast. Los Alamos, on the other hand, is oriented to the military 
objectives. In between lie Argonne and Oak Ridge where both classi- 
fied and unclassified work are performed. 

There appear to be no conflicts in the field of basic research be- 
tween the Commission laboratories, universities, and industry. His- 
torically, most basic research has been conducted in universities; 
since 1941, much of it has been supported by government. In most 
instances, basic research in the national laboratories is sponsored in 
part because the scientists and engineers needed to conduct applied 
work require the intellectual stimulation which comes from basic re- 
search, and because the unique and expensive research facilities 
available there do not exist elsewhere. 

Since industry has only recently been permitted by law to be active 
in the development of peaceful uses requiring large research facilities, 
there is as yet no substantial conflict with applied research performed 
in Commission laboratories. A foreshadowing of possible conflict can 
be seen in the problems associated with division of responsibility be- 
between national laboratories and other contractor-operated develop- 
ment activities. Competition between Commission and industry 
projects for use of national laboratory facilities has also begun. 

Unlike the specific military requirements, there appears to be no 
comprehensive statement of the objectives for research and develop- 
ment of peaceful uses of atomic energy within the Commission. The 
various laboratories report to different headquarters divisions and 
are under the direct administration of local field offices. Most proj- 
ects—both basic and applied—have their origin in the laboratories 
themselves and are coordinated primarily through budget presenta- 
tion. There is no specific mechanism for reflecting industry and con- 
sumer needs or desires in setting up programs. 


. GOALS FOR RESEARCH AND DEVELOPMENT OF 
PEACEFUL USES OF ATOMIC ENERGY 
In chapters 2 through 9, we have noted levels of urgency attaching 
to development and application of various peaceful uses of atomic 
energy. We have established as a fundamental obligation of govern- 
ment—and especially of the Commission—the exploration of these 
areas of new knowledge. This obligation is most clear in basic re- 
search. Without continued and expanded Commission and general 
Federal support, basic research both in Government laboratories and 
in universities will drop to dangerously low levels. 
While it is commonly argued that the Commission should not com- 
pete with industry in the application of peaceful uses of atomic energy, 
we have noted the disparity between Government capabilities for 
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applied atomic energy research, as represented by the national labora- 
tories, and the capabilities of industry. This imbalance will be im- 
proved by completion of industrial and university nuclear research 
facilities now planned. 

This disparity in capability is not merely one of size, or of availa- 
bility of equipment. Equally significant is the disparity in manpower 
which arises out of the shortage of scientific and technical personnel. 
(See ch. 13.) The growth in industry and universities of applied 
atomic energy research capability has not only been fostered by train- 
ing courses given in the national laboratories, but has been charac- 
terized by the emplovment by industry of significant numbers of 
national laboratories personnel. 

For private enterprise to participate in expanding peaceful uses of 
atomic energy, industry must have 

1. background information, so that investment in research can 
be wisely made; 

2. applied research capability, in terms of facilities and per- 
sonnel; 

3. competitive incentives—such as patents—to stimulate in- 
vestment in research; and 

4. assurance that the Government will exert its present 
superior research capabilicv mm a manner calculated to encourage 
and supplement industrial initiative and investment. 

In chapter 11 we have discussed the importance to industry of full 
and current access to all research and development related to peaceful 
uses. We have suggested ways in which the necessary information 
can and must be made available to industry, both in classified and 
unclassified form. If this information is not promptly available, 
private investment and public benefits may be deterred. Further- 
more, duplication of research efforts may occur. The shortage of 
scientific and engineering manpower does not permit such waste. 

With regard to adequate private research and development capa- 
bilities, we have already noted that sufficient facilities are not now 
available to carry out all development undertakings for which there 
is urgent need. It is thus clear that sale or lease of existing Com- 
mission laboratories to private hands would not improve the situation. 
These laboratories are now carrying most of the responsibility for 
development of peaceful uses and are also essential to our national 
defense efforts. Therefore, industry must expedite construction of 
the types of research centers now planned by some private groups. 
The Commission could encourage such efforts by placing contracts 
for the conduct of many types of research and development wiih such 
private centers even before they are completed. This should be in 
addition to the work already in progress and planned in Commission 
laboratories. If the Commission lacks statutory authority to enter 
into such contracts—a fact of which the Commission is not now 
certain—the Atomic Energy Act of 1954 should be amended to 
clarify this authority. 

Staffing private centers will undoubtedly be difficult in view of the 
intense demands for nuclear scientists and engineers for military and 
peaceful developments. It is with this in mind that we have urged 
(in ch. 13) private and public support of adequate education in 
these fields. The Nation cannot afford the short-term disruption of 
existing peaceful and military development efforts which would result 
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from rapid expansion of industrial research centers by extensive 
recruiting of personnel from Commission and contractor facilities. 

Large-scale non-Government investment in research and develop- 
ment is a relatively high risk venture. It requires incentives which 
are normally developed only over the course of many years. We 
have noted in chapter 17 that patents are of particular significance 
in attracting risk capital to the support of research and development 
The importance of various tax relief devices in the accomplishment of 
these same objectives is noted in ¢ hapte r 16. 

The problem of assuring that the Commission will exert its present 
superior research capability in a manner to encourage and supplement 
industrial initiative can be a more complex matter than any other 
affecting the growth of industrial research capability. The public 
interest demands that the continued vigorous conduct of full explora- 
ation of the potential new resources represented by peaceful uses 
of atomic energy be carried by the Commission until industry can and 
does assume its share of the burden. 

In the field of research the Commission is in a transitional period. 
On the one hand it must encourage industrial participation; on the 
other it must insure that no line of research or development of potential 
value to the Nation remains unexplored. The objective during this 
transition must be the more equitable sharing of the total responsi- 
bility. The appropriate ultimate objective w ould seem to be e xplora- 
tion by the Commission of the frontiers of peaceful applications to 
chart the Nation’s potential resources. 

At the very least industry must know what the Commission is 
doing, the fields in which it is working, the scale of effort being applied, 
and how far work will be pressed. This means coherent and com- 
prehensive definitions of Commission research and development 
programs related to the peaceful uses of atomic energy. Some 
portions may be classified; nevertheless, even these should be set 
forth clearly and information made available to those in industry 
authorized to receive classified information. Of course, the Com- 
mission’s programs cannot be static, but complete descriptions can 
be kept current. 

On the other hand, the combination of progress toward a normal 
patent system, continuation of the present compulsory patent licens- 
ing provisions to 1959, removal of all information related to peaceful 
uses from classification, plus compliance with the information report- 
ing system required for licensees are mechanisms for bringing knowl- 
edge about peaceful uses research into the public domain. For the 
fullest de ‘velopment of peaceful uses in the shortest time, it is necessary 
not only that Commission information be made available to industry 
but that reciprocal ac tion be taken by industry so that information 
developed by industry is made generally available to serve the public 
interest. 

The national laboratories have a significant role in their own right. 
They must be available to serve the needs of the entire Nation. 
Commission research and development resources ultimately should 
be devoted only to those areas of peaceful interest which it is clear 
will not be explored expeditiously in the absence of Commission 
action. 
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12.4. CONCLUSIONS AND RECOMMENDATIONS 

During the present transition from all-Government to Government 
and private responsibility for the conduct of applied research and de- 
velopment relating to the peaceful uses of atomic energy, a more 
equitable sharing of the burden should be the constant objective of 
the Commission and of industry. The research resources of the Com- 
mission should continue to be directed to exploration at the frontier 
and at the same time be available to insure that no promising area is 
left unexplored or receives insufficient effort to meet the national 
interest. 

For industry to bear its responsibility, it must have facilities, 
personnel, current and full information, and detailed knowledge of 
Commission programs as they relate to peaceful uses. Normal com- 
petitive incentives must be available. ‘To hasten progress a two-way 
flow of information between the Commission and industry is essential. 

Continued expansion of basic research is, of course, essential to 
future progress. Such research should continue to be supported 
vigorously by the Commission in the university centers where, his- 
torically, the dual function of advancing fundamental knowledge and 
education has flourished. 

In — to achieve these objectives, we recommend: 

that basic research in universities be given generous support, 
aa in funds and facilities, through all normal channels to insure 
continued expansion of fundamental know ledge in the fields 
related to the peaceful uses of atomic energy; 

2. that the Commission be encouraged to place research and 
development contracts with universities and other private re- 

‘ven in advance of actual construction of such 
facilities—in order to expand total research efforts and to aid in 
the prompt establishment of such private research capabilities; 
should additional contract authority be necessary, appropriate 
amendment of the 1954 act should be made promptly; 

3. that the Commission be encouraged, and, if necessary, 
required to state its research and development objectives and 
programs in detail on a current basis so that industry can have a 
firm base in knowledge on which to make its decisions; and 

4. that the present Commission laboratories continue to be 
supported as vital national assets for assuring the expeditious 
exploration of atomic energy. For exploration of our peaceful 
atomic resource, these laboratories, however, must be used to 
encourage non-Commission research capabilities as they develop. 
Their objective must continue to be research at the frontiers so 
that they can make the maximum contribution to peaceful and 
military applications of atomic energy 
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13.1. INTRODUCTION AND SUMMARY 

The speed at which the peaceful uses of atomic energy develop will 
be controlled by at least three factors: (1) The extent of public under- 
standing; (2) the availability of people having proper knowledge and 
equipped with adequate facilities to use atomic techniques; and (3) 
availability of well-qualified, highly trained scientists, engineers, and 
technicians to carry forward research, development, design, and con- 
struction of atomic plants and devices. 

While atomic energy still means weapons to many, the idea that 
the atom can be used effectively in peaceful pursuits is making 
progress. Yet the public must develop a real understanding of the 
peaceful uses, if they are to become widespread. 

All citizens must understand some of the rudiments of atomic 
energy when they go to their doctors, if radioactive isotopes and 
radiation treatment are not to cause fear. Workers in food-processinz 
plants must have some grasp of radiation hazards in the radiation- 
preservation of food, if they are to accept this new technique as part 
of a normal working environment. Consumers must be prepared to 
accept radiation-preserved foods as safe to eat, if this preservation 
technique is to have acceptance. 

Thousands of men and women in hundreds of industrial plants have 
already accepted radiation thickness gages and measuring devices as 
“normal” in a modern technical society. This type of acceptance 
can be expected to spread generally, if the peaceful uses of atomic 
energy come into common practice without alarmist fanfare. 


13.2. AREAS FOR PUBLIC EDUCATION 

Construction and operation of atomic powerplants involving pro- 
duction and use of massive quantities of radiation will create a real 
need for public understanding. This understanding is now growing. 
Dozens of American communities have already come to accept, with- 
oct serious qualms, the nearby presence of atomic production and 
processing plants. As each new plant is planned and built, the Com- 
mission and its contractors have undertaken local public education 
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programs. It is to be expected that similar efforts will be needed 
whenever atomic plants are built, either by Government or by private 
industry, for years to come. 


13.3. AN INFORMED PUBLIC 

Two factors can disrupt this growing pattern of public understand- 
ing. The barrier of secrecy exists because peaceful and military uses 
of atomic energy are interrelated. That there cannot be widespread 
application of peaceful uses of atomic energy by private enterprise so 
long as this secrecy barrier exists, we have already noted in chapter 11. 
The same secrecy system—created to hinder a potential enemy’s de- 
termining our weapons capability—at the same time hinders the 
American public in understanding benefits and hazards involved in 
the peaceful uses of atomic energy. Atomic hazards are different, but 
need not be abnormally greater than other industrial hazards. Cer- 
tainly, it would take a freak series of events to cause an atomic acci- 
dent on the scale of the Texas City chemical plant disaster. Recent 
disastrous floods in many parts of the country caused damage to 
persons and property far in excess of mishaps likely to come from in- 
dustrial atomic applications. Of course, atomic hazards are real 
Yet people can learn to live with them, if they understand the prob- 
lems involved 

It is clear that with the national commitment to get on with peace- 
ful uses of atomic energy both at home and abroad, so well set forth 
in the 1954 act, the era of atomic secrecy, except in extremely narrow 
areas, must come to an end. 

Sensational speeches, articles, and books would soon be brought into 
proper perspective, if the facts were freely available. We cannot 


blame the general public for getting excited about fabulous or horrify- 
ing predictions when the information needed to evaluate such pre- 
dictions is denied them, or when an atmosphere of secrecy encourages 
the belief that there may be hidden facts to support such fears or 
fables. 


13.4. A SKILLED LABOR FORCE 


Many workmen, with many different skills, will have to learn to 
work with the atom. In actual practice most of them will not need 
knowledge radically different from that which they already have. 
But like most new technologies, peaceful uses of atomic energy re- 
quire new twists to old skills. Certainly, the X-ray technician work- 
ing with a radioactive source, instead of an X-ray machine, will not 
find his job strange. The printing pressman will scarcely be aware 
that a radioactivated gage regulates the flow of paper through his 
press. 

Some trades will be effected more directly. A good example is the 
welding trade. A review on this subject made for us by the Com- 
mission has concluded that construction of atomic plants calls for 
higher skill in welding than in any other trade. Yet, as plant after 
plant has been built, this has not proved an insuperable problem. 
Several thousand welders in the United States have today had experi- 
ence in meeting the high standards required in atomic reactors and 
atomic processing systems. Many of these men have been retained 
at temporary special schools set. up on the job. Retraining periods 
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have seldom exceeded 10 days and costs, although widely varying, 
have seldom been high. 

Commission, industry, and Labor Department experience indicates 
that the skills which will be required of the majority of affected 
workers can be met by present union and industrial practices, includ- 
ing on-the-job training, normal apprenticeship, and vocation training 
courses. Immediate needs of the young atomic industry obviously) 
must be met from the existing pools of trained manpower. During 
the next few years it seems likely that enough skilled workers can be 
retrained at reasonable costs to accomplish the tasks at hand. 

We do not anticipate a rate of growth of any peaceful use of atomic 
energy by itself which would appear to upset the normal industrial 
training pattern. There does appear to be cause for concern among 
those responsible for such training, unless the far-sighted efforts of 
some unions for an orderly approach to training for atomic work are 
pursued vigorously. 

In short, we see a period of gradual buildup, in which living and 
working with atomic energy will become a part of the pattern of every- 
day life. With proper planning by appropriate private, labor, and 
Government organizations, this should move along at a sufficiently 
rapid rate to meet industrial needs. 


13.5. PROFESSIONAL SKILLS 


The manpower outlook for professional talent in the atomic energy 
field, particularly scientists and engineers, is different. Even a casual 
glance at trade journal and newspaper advertisements indicates the 
almost frantic search for scientific and engineering manpower with 
experience and training in atomic energy. We suspect that the com- 
petition for personnel in these categories may be greater than the 
competition for selling atomic products. 

It is worthwhile looking behind this current demand. A recent 
survey by the American Institute of Chemical Engineers covering 42 
engineering schools in the United States indicated that nuclear engi- 
neering has become a part of general engineering education only 
within the last few years. Pioneering efforts of few of our well-known 
colleges and universities are especially to be commended. In many 
schools, however, the facilities and faculties needed to present these 
courses are not available. 

The extent of shortages of scientists and engineers in fields concerned 
with peaceful uses of atomic energy in the United States seems to need 
definition. We have taken special note in chapter 4 on medicine and 
public health of one specialized sort of shortage. But the broad man- 
power requirements, although difficult to meet, should be possible of 
fulfillment through an orderly attack on the problem. The ¢ Commis- 
sion estimates that it is currently employing about 3,600 scientists 
and 2,500 engineers, through contractors, who are primarily or partly 
engaged on peaceful application of atomic energy. ‘These are small 
numbers, when compared with the scientific and engineering man- 
power reservoirs of the Nation. The total of all scientists, engineers, 
and related managerial personnel employed by the Commission and its 
contractors totals less than 20,000 people. It is important to note 
that this is the full demand of professional skills for the conduct of a 
program involving several hundred millions of dollars of operating 
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expenses per year. The numbers of graduates in these particular 
fields, however, do not keep pace with these needs. 

As an experiment, in order to get a rough idea of’the number of 
scientists and engineers needed in one atomic area which could con- 
ceivably expand rapidly, we requested the Commission to make esti- 
mates of the manpower requirements for atomic electric power. 
Assuming that 83 million kilowatts of atomic electric power generat- 
ing capt ability were to be installed by 1975, the Commission estimates 
(see vol. 2, ch. 13) that a total of 16,000 scientists and engineers 
would be required to design, construct, and operate the plants as 
well as related fuel fabrication and chemical processing facilities. 
We would not be alarmed at the prospect of educating 16,000 scien- 
tists and engineers required in gradual development of atomic power 
over two decades, if it were not for the burgeoning demands for large 
numbers of highly qualified technical people throughout all fields in 
industry and Government. The provision of faculties and facilities 
to meet the needs is a task requiring the diligent effort of educators, 
industry, and where necessary, governmental agencies. 


13.6. EDUCATION 

It has not been the purpose of the panel to examine the basic edu- 
cational problems of the Nation, but our inquiries have brought home 
to us a realization that the specialized requirements for all levels of 
training and skill called for by the development of peaceful uses of 
atomic energy can be met only in the context of our society's overall 
program for educating scientists and engineers in all specialties. It 
is widely recognized that this Nation faces serious educational prob- 
lems at all levels. Foremost among them are: 

1. modernization of basic scientific courses and, where neces- 
sary, the reintroduction of these courses and of courses in mathe- 
matics in elementary and secondary schools throughout the 
country; 

2. motivation of those substantial numbers of competent high- 
school students not now planning to enter college to want college 
and postgraduate training; 

3. making certain that ‘lack of financial means does not prevent 

able and interested students from being trained expeditiously to 
the limites of their capabilities. 


. COMPETING REQUIREMENTS OF MILITARY AND 
PEACEFUL ATOMIC PROGRAMS 

Available evidence indicates that serious shortages of qualified 
scientific, engineering, and technical manpower do exist today in the 
atomic-energy field. We have observed, however, that these short- 
ages to date result more from the competition of large and continually 
expanding atomic military programs than from activities in the 
peaceful uses. 

Our Nation must be prepared to expand the number of competent 
engineers and scientific personnel to meet both the requirements 
associated with national security and military applications of atomic 
energy and the peaceful pursuits in this fie Id; and only if we have an 
adequate supply can we avoid one program’s stealing from the other. 
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In our concern with this problem of manpower shortages, we must 
recognize that military atomic undertakings are now branching out 
far beyond weapons. Possible programs of some size include con- 
version of the Navy to atomic propulsion, creation of airfleets propelled 
by atomic power, and manufacture of atomic powerplants for remote 
bases. Such programs, if started on substantial and urgent time scales 
could intensify the problem; indeed they would cause continued 
scientific and engineering shortages for years to come, despite vigorous 
efforts to increase the numbers of qualified people in these fields. 


THE AEC AS A SOURCE OF PERSONNEL 

Commission, military, and Government-contractor activities pro- 
duce number of engineers and scientists having special capabilities 
in atomic energy. Some of these people leave Government-financed 
work and become available to industry for development and applica- 
tion of peaceful uses. The Commission estimates that about 3,500 
scientists and engineers, who have gained atomic experience with the 
Commission and its contractors, are now in private industry. Though 
such shifts in employment ease industry’s manpower situation some- 
what, they are not a rea: answer to the long-term problem. 


13.9. CONCLUSIONS AND RECOMMENDATIONS 

Whatever limitations are imposed by present secrecy rules on other 
aspects of the development of the peaceful uses of atomic energy, 
there can be no doubt that sufficient information now exists in un- 
classified form to serve as texts for the most advanced college courses 
in nuclear science and engineering. 

Having noted the need for more nuclear scientists and engineers, 
and having noted that present college programs are not adequate to 
supply them, the consideration of various alternate solutions is 
in order. 

An all too normal tendency is to “view with alarm,” to consider 
every problem in every field a crisis, and to call for crash program 
solutions. 

America’s multitudinous forums of public opinion are now at work 
on the important task of searching for an answer to the problems of 
higher education in a free society. We believe the Nation will find 
the answer in a variety of ways, not in any single master plan. 

We feel that nuclear scientists and engineers will be important to 
the Nation in the years ahead. It will also be important to train 
scientists and engineers in many other specialties as well. Further, 
scientists and engineers are an important element, but only one of 
the elements of a free society. Our social sciences and cultural arts 
need equal emphasis to aid us in adapting to conditions and tensions 
of the atomic age—both military and peaceful. 

The balanced society is the society which serves all its members 
best and uses all their talents. 

Our recommendation here, as on other subjects, is: Balance. 

Specifically we recommend: 

the encouragement of orderly and determined efforts on the 
part of all concerned to increase the output and improve the 
quality of scientists and engineers capable of contributing to the 
development of peacetime atomic uses; 
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2. that the Commission continue support of university research 
and graduate study; we urge that private enterprise likewise give 
them support; 

3. that the facilities of the national nuclear laboratories be 
made more widely available to support college training programs; 
and 

4, that recognition be given to the need for additional research 
reactors and other facilities; in addition to facilities required for 
use on college campuses, we would consider it wise to design, 
locate, and operate future research facilities, and especially 
reactors, in such way that they can be of the greatest use to the 
greatest number of college and graduate students. 
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CHAPTER 14—HAZARDS, PROTECTION AND INSURANCE 


14.1. Introduction and Summary. 

14.2. Origins of Atomic Hazards from Peaceful Uses. 

14.3. Control of Hazards from Peaceful Uses. 

14.4. Insurance Against Damage Resulting from Peaceful Uses. 
14.5. Conclusions and Recommendations. 


14.1. INTRODUCTION AND SUMMARY 


Potential hazards entailed in the peaceful uses of atomic energy 
have been mentioned in other chapters. Government action and policy 
relevant to hazards, protection, and insurance will undoubtedly have 
retarding or accelerating effect on the expansion—and therefore on 
the i applications. 

The Commission has a basic and urgent obligation to sponsor and 
foster research into the causes, effects, and control of atomic hazards. 
If adequate protection is to be afforded all those who might be exposed 
to harmful levels of radiation, we must know exactly what it is that 
we are protecting against. Overcautious safety standards applied 
without adequate knowledge could be so costly as to deter develop- 
ment and application. On the other hand, if hazards are unreasonably 
high, the world must know it promptly so as to determine the character 
and scale of peaceful applications which can be undertaken safely. 

Insurance problems are currently out of perspective because of the 
inadequacy of knowledge and experience. No substantial hazards 
from private plants seem to be involved until 1958 or 1959 when the 
first large private atomic powerplant will begin to operate. The 
intervening years might better be spent speeding development of the 
needed data than in debating prematurely the necessity for Govern- 
ment relief of the present private insurance problem. 


14.2, ORIGINS OF ATOMIC HAZARDS FROM PEACEFUL 
USES 

Radioisotopes are being used as tracers in research in many fields 
and seem likely to be employed on an increasing scale: in plant 
growth studies; checking wear in automotive parts; studying proc- 
esses of living organisms; improving the manufacture of steel; and 
many others. Radiation emanating from reactors or from radioiso- 
topes produced in reactors is being used increasingly for such appli- 
cation as diagnosis and treatment in medicine; thickness gages in 
industry; preservation of foods; ‘tailoring”’ food crops to meet the 
threats of climate, soils, pests or diseases; or catalysing chemical 
reaction so as to make new materials. 

The use of atomic energy for power and propulsion holds broad 
promise for economic growth. In many of the applications in use today 
or conceived as feasible for use tomorrow, potential hazards exist. 
Radiation, in addition to its beneficial applications, can injure human 
tissue. It can, in doses beyond tolerance levels, change body processes, 
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thus leading to deterioration. In large doses, it can be lethal. 
Radioactive particles allowed to enter the human body may be 
deposited there, and, if present in sufficient quantity, can produce 
injury and even eventual death. 

Improper shielding of sources of radiation; rupture of containers in 
which radioactive substances are being used, shipped, or stored; or 
careless handling—these are a few of the many ways radiation 
accidents can occur. Inattention to proper dose levels by those 
working with or near radiation may have more insidious results. 
A nuclear reactor’s getting out of control may, under special conditions, 
cause widespread injury to people and loss of use of property because 
of radioactive contamination. These events should not occur if 
design and operating standards are propertly established and effec- 
tiv ely enforced. Yet, men make mistakes and accidents happen. 

Various methods of disposing of radioactive wastes are being 
explored, including discharge into abandoned oil and gas domes using 
deep wells, burial in the ground, and disposal at sea. These and many 
other proposals which have been made have complicating factors 
which must be thoroughly investigated. For example, disposal at 
sea may result in radiation uptake by marine life and possible im- 
pairment of a major source of the world’s food supplies. 

These are only examples to accent our discussion; the hazards 
jnvolved are varied, the risks involved not yet fully known. 


14.3. CONTROL OF HAZARDS FROM PEACEFUL USES 


The basic fact of radiation is that it cannot be seen, felt, tasted, or 
detected in any way by humans, without the assistance of special 
equipment or instruments. Thus it is, to many people, anunknown 
which gives rise to fear and misunderstanding. 

Much has actually been done in the way of devising radiation 
safety precautions. The use of radiation first became widespread 
with the development of X-ray equipment and the availability of 
naturally radioactive substances such as radium. Benchmarks in the 
study of radiation damage were established at an early date by radi- 
ation injuries to X-ray workers, by the incidence of bone cancer in 
luminous watch dial painters and of lung cancer in European uranium 
miners. 

Radiation and radioactive materials, however, are now used in 
amounts all out of proportion to preatomic experience. Information 
available up to 1939 was of course not adequate. Full scale research 
on hazards began during World War II, and safety measures were 
instituted. 

To the hundreds of thousands who have had experience with 
radiation in the atomic-energy program, radiation or radioactive 
materials command respect. For the uninitiated laymen, the first 
requirement is to learn what radiation is, and what can be done to 
protect against it. 

Many procedures for the safe handling of radioactive materials 
have been worked out. These range from the design of simple 
handling equipment—such as lightweight containers and shipping 
cartons for small diagnostic and therapeutic amounts of radioiso- 
topes—to the complex, almost human, remote control devices for 
working with more dangerous quantities. Research has resulted in 
a firmer basis for limits on radiation dosage levels. Detection and 
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measurement instruments have been developed to assure safe working 
conditions. 

Much research still remains to be done, especially on the long-term 
effects of radiation. While the Commission and its contractors appear 
to have a remarkably outstanding safety record in dealing with, or 
in using radiation and radioisotopes, expanding the peaceful uses of 
atomic energy increases the proportion of the population that could be 
exposed. Tolerance doses satisfactory when small fractions of the pop- 
ulation were exposed must, therefore, be reexamined continuously. 

The known hazards involved in the handling of radiation or radio- 
active materials in research, in medical diagnosis and therapy, and in 
industry are apparently measurable, controllable, and in other ways 
comparable to other hazardous industrial activities. 

The National Committee on Radiation Protection under the 
auspices of the National Bureau of Standards has set up guides as to 
permissible doses from external sources of ionizing radiation, as to 
permissible amounts of radioisotopes in the human body, and related 
subjects. These guides have been important steps in bringing to- 
gether available information. Whether they are conservative enough 
is beyond the competence of lay groups such as the present panel. 
(See vol. 2, ch. 14.) The Commission has an advisory Reactor Safe- 
guards Committee, composed of experts in various fields, as well as a 
small permanent staff to review proposals involving reactor construc- 
tion and to advise on the adequacy of safety provisions and precautions 
in proposed licensed facilities. An inspection service is authorized by 
the 1954 act and is being set up by the Commission to enforce safety 
provisions agreed to by licensees. Yet the inspection and enforcement 
task will require the cooperation of State and local authorities as well 
as those of Government agencies other than the Commission. Con- 
ferences to begin such coordination have already been held and more 
are in prospect. State public-health services are already engaged in 
the education, training, inspection, and other public- health protec- 
tion functions which stem from the expansion of industrial participa- 
tion in the peaceful uses of atomic energy. 

At the present time, however, the most significant control is that 
exercised by the Commission in ’ compliance with the 1954 act. No 
one can possess or use radioactive materials or special nuclear materials 
except under license. Demonstrated ability to maintain approved 
safety standards is a condition to getting a license. 

The role of licensees in meeting the waste disposal problem is less 
clear. Certainly Government must regulate such disposal to protect 
public health. Our studies of this particular problem have been 
fragmentary. However, we feel it important to note the importance 
of the problem and to suggest that—in addition to continued current 
and planned studies of waste disposal procedures—organizations mak- 
ing power reactor proposals involving private processing of spent 
fuels, and organizations desiring to operate licensed fuel reprocessing 
plants be required to submit plans covering waste disposal. There 
is an expectancy that such ‘‘wastes’’ may prove to be valuable assets, 
but much research on uses of such materials remains to be done by 
the Commission and by industry. 
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144. INSURANCE AGAINST DAMAGES RESULTING FROM 
PEACEFUL USES 

The 1954 act requires all licensees of the Commission to hold the 
Government free from any liability arising from damage to persons 
or property as a result of any licensed peaceful uses of atomic energy. 
This means that the licensees must pay for all damages, even though 
the special nuclear materials which they may be using under license 
belong to the Federal Government and even though all Commission 
and local regulations are fully obeyed. The risks incurred run from 
minor health hazards risked by direct emplovees to the extremes of 
potential damage resulting from runaway atomic powerplants. These 
upper damage limits coula theoretically include the severe radioactive 
contamination of expensive urban and industrial areas and radiation 
injury to millions of persons—injury which might not be able to be 
evaluated completely for decades or even generations. This is the 
most extreme view and is the one which is commonly used to “prove”’ 
that the risks are too great for private enterprise to assume. It is in 
the light of these risks that the respective obligations of private 
enterprise and Government must be balanced. 

Sufficient experience in the atomic-energy program to date has per- 
mitted private insurance companies to provide coverage of the risks 
to employees within a reasonable rate structure. This accomplish- 
ment is in contrast with the practice that prevailed during World 
War ITI when personnel engaged in atomic energy work were insured 
against job-incurred injuries by complete Government assumption of 
the insurance risk. 

Many States have already modified their workmen’s compensation 
laws and regulations to permit coverage for radiation injuries. Care 
must be exercised by all those connected with these programs to make 
sure that all real injuries are properly covered, but that at the same 
time imagined or tenuously related injuries continue to be dealt with 
in reasonable balance. 

There is real urgency in getting more and better knowledge about 
the effects of radiation and continuously reviewing standards in the 
light of the best knowledge available. The Commission has a heavy 
obligation to sponsor such research in every possible way. Yet, at 
the same time, the public must be given better understanding of the 
fact that development of scientifically complete knowledge in these 
areas is a never-ending task and that a great deal of such research 
requires a step-wise process which dollars alone cannot speed. 

The more widely discussed insurance problem, however, is that relat- 
ing to the liability of licensees operating atomic powerplants which 
might theoretically go out of control and shower nearby cities or the 
countryside with radioactive materials. 

No 100 percent safe power reactor has as yet been conceived; 
99.99 percent safe may not be enough. While every precaution has 
been taken in reactor and component designs to assure safety, man- 
made devices and controls are involved. Unforeseen malfunctions 
may occur, leading to reactor or plant destruction. Just as perverse 
ingenuity of punch-press operators has on occasion counteracted 
safety devices designed for their own protection, reactor safety and 
control equipment and procedures may be circumvented. Con- 
sequences may be serious. 

Experience on reactor accidents is meager. Research on this 
problem is barely started. Important background data has been 
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obtained as a result of an accident involving a research reactor in 
Canada, and from a deliberate ‘“runaway”’ reactor experiment con- 
ducted by the Commission. From this limited base, it has been 
concluded that damage may range from local contamination of the 
reactor structure to contamination of an area of several square miles 
or more if weather conditions contribute to dispersal and fallout of 
radioactive particles. The results seem to range from the rough 
equivalent of partial or complete destruction of a plant by fire to 
events on the scale of the Texas City disaster. The maximum effects 
on high industrial or population concentration may be far-reaching 
in terms of radioactive contamination and radiation exposure, De- 
structive shock waves of overpressures, however, are unlikely to 
accompany a “runaway” reactor and nothing like the effects of atomic 
bombs seems likely or even possible. 

If, in spite of all the safety precautions taken, injuries or property 
damage should still take place, what can be done to insure against 
ruinous financial loss? 

The number of claims for injury or damage resulting from an 
accident may reach extremely large proportions. Those involved 
from the liability standpoint include not only the designers and 
fabricators of equipment, but the operators, corporate licensees, 
and all of the businesses servicing licensees. The assets of many com- 
panies might thus be available to cover such liabilities. Yet no 
company seems likely to be able to assume liabilities so great as to 
threaten its solvency. 

The insurance industry can cover the atomic powerplant risks 
involved to the same extent that it normally does in hazardous 
industries. Several competent studies are in progress, and these 
should be permitted to determine whether current efforts to form 
special funds to cover atomic-energy risks will be successful. The 
obstacle of insurance seems quite likely to be overcome for at least 
the present development phases of the atomic-power industry. 

Those proposing to build and operate atomic facilities ‘and the 
insurance industry are naturally trying to minimize the possibility of 
extreme financial losses to their organizations by seeking to have the 
Government reconsider its position and underwrite losses which are 
purported to be beyond the capacity of industry. 

It is still difficult to judge how necessary it may be to encourage- 

ment of development of peaceful uses of atomic energy for the Gov- 
ernment to go into the atomic catastrophe insurance business. 

Several things must be considered: 

Assumption of insurance risks by Government will not now speed 
“demonstration” of economic feasibility appreciably. Research and 
development in reactor technology are going forw ard i in Commission 
laboratories. Construction of the Commission’s first large-scale 
“demonstration” plant is underway. As we have said, several addi- 
tional ‘“demonstration”’ plants privately sponsored are now to operate 
in 1958 or 1959. Should private sponsors withdraw from these 
projects, we believe that the Commission should proceed with the 
construction of one “demonstration” plant of each promising major 
type. 

There is, accordingly, no sound basis for attempting to devise now 
on a “‘crash’’ basis a Government insurance program. 

We recognize that the present power reactor ‘““demonstration”’ pro- 
gram is directed at ‘“‘proving” part of the Nation’s energy reserves 
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for the future. Risks in this stage of the development tend to be 
high. It seems to us, however, to be much too early for private enter- 
prise to concede defeat on the insurance problem. ‘To do so is to pre- 
en the research efforts still underway and to jeopardize unneces- 
sarily the national attempt to carry atomic power forward to wide- 
spread application by private enterprise. 


14.5 CONCLUSIONS AND RECOMMENDATIONS 


The possible hazards from peaceful uses of atomic energy range from 
minor to catastrophic. Hundreds of applications in the fields of medi- 
cine, agriculture, and industry can apparently go forward under 
present regulations and standards with no serious risks. 

There is urgent need for better data, however, and every effort to 
expedite its development should be made by the Commission and 
all other responsible public and private groups involved in develop- 
ment of peaceful uses. Every argument for changes in standards 
should be explored fully in competent forums to insure that no lead is 
left unexplored and that real doubts are resolved for maximum public 
safety. 

Federal, State, and local authorities must continue to cooperate 
closely in the establishment and enforcement of the best uniform 
radiation health standards which can be developed. There must be 
balance between the conceivable and the actual hazards, however, 
and for some years to come the Federal Government will certainly 
have the responsibility of establishing this balance. This is not the 
sole responsibility of the Commission, but a joint responsibility of all 
Federal agencies involved or affected. 

We are not satisfied that the time has yet arrived to reconsider 
the need for a Federal atomic insurance program covering peaceful 
uses. We have noted with interest recent plans of private insurance 
companies to deal with these problems. Such efforts should be en- 
couraged. At least 2 and possibly 3 years remain in which to conduct 
research and accumulate knowledge and experience before any substan- 
tial private activity can be delayed or stopped because of inability to 
obtain adequate insurance. In fact, implications that the Govern- 
ment is prepared now to take on the insurance burden might stifle 
vigorous private efforts to meet the problem. We look on a Federal 
atomic insurance program as a threat to private atomic enterprise, 
not a benefit. It is a last resort not yet called for and one which may 
not be needed. 

Therefore, we recommend: 

1. that the Commission be encouraged to step up its program 
of research into the causes, effects, and control of atomic hazards; 
the 2 or 3 years remaining before any full-scale ‘‘demonstration”’ 
atomic powerplant comes into operation must be used to obtain 
the maximum amount of information in order that both those 
concerned with protection against harmful levels of radiation 
and those concerned with providing insurance to cover such dam- 
age as may occur can have the most advanced knowledge possible 
at the earliest time; and 

2. that the Joint Committee and the Commission continue to 
encourage the insurance industry to develop ways of meeting 
atomic insurance problems entirely within the concepts of private 
enterprise. 
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15.1. INTRODUCTION AND SUMMARY 

The 1954 act directs the Commission to establish certain licensing 
procedures and regulations to govern peaceful uses of atomic energy. 
There is not as yet sufficient experience to permit full evaluation of the 
net effect of these provisions. 

The policy of exclusive Federal ownership of all special nuclear ma- 
terials, in the meantime, provides a means for protecting both the 
public safety and national security. Therefore, delays in issuing regu- 
lations imposes no unwarranted risks to safety or security. If Federal 
ownership is eventually abandoned, then the existence of the licensing 
and regulatory structure in workable form will make smooth transition 
possible. 

One of the consequences of regulatory systems is a tendency toward 
overregulation. This is particularly true where all initiative for mak- 
ing determinations rests with the regulatory body. Giving private 
citizens the right to initiate proceedings for new determinations or for 
review of existing ones can provide a counterbalancing influence. 
This is particularly pertinent in consideration of section 102 of the 
1954 act which gives the Commission exclusive authority to determine 
“practical value”? of peac eful uses of atomic energy for “commercial or 
industrial purposes,”’ and permits Commission definition of the criteria 
to be applied. 

Establishment and enforcement of uniform standards to protect the 
public health and safety are important elements in the rapid develop- 
ment and application of atomic energy in industry, medicine, and 
research. These are tasks which demand the attention and coopera- 
tion of Federal, State, and local authorities. Failure in these areas 
can retard progress by endangering ee safety or by imposing 
excess costs on manufacturers or users 

While foreign business activities are not licensed, prior authoriza- 
tion must be obtained from the Commission. Powers beyond those 
involving control of information are available to the Commission in 

section 57 a (3) of the 1954 act for influencing the role of American 
businessmen in advancing international peaceful uses of atomic 
energy. 
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5.2. PRESENT STATUS OF OWNE RSHIP, LICENSING, AND 
REGULATION 


The 1954 act provides for Federal ownership of all special nuclear 
material. It provides for Federal licensing and regulation of all 
facilities using or involved in peaceful uses of atomic energy, as well 
as of all activities involving special nuclear material. 

Examination of the progress made by the Commission in dis- 
charging its responsibilities under these provisions suggests that the 
Commission has moved slowly. There is no evidence, however, that 
any potential private domestic activity has been delayed by the failure 
of the Commission to publish regulations or establish licensing proce- 
dures. 

The Commission has selected a complex and time-consuming tech- 
nique for developing its regulations. It has conducted conferences 
with representatives of diverse organizations on each aspect of regula- 
tions. This practice has the advantage of drawing on many view- 
points and judgments. While some points of view may not be fully 
reflected by this technique, opportunity for comment is also afforded 
after publication of proposed regulations in the Federal Register. 
The logic of this course of Commission action appears sound and is 
not being vigorously opposed by any interests or groups so far as can 
be observed. 

Four principal elements are involved in discussion of the effects of 
Government policies and actions on ownership and licensing: 

The principle of Federal ownership of special nuclear 
materials; 

2. the rights of responsible private individuals and organiza- 
tions to engage in atomic activities with private funds and to 
determine competitive economics for themselves rather than hav- 
ing the Federal Government do so; 

3. the relationship of State and Federal regulatory and enforce- 
ment roles; and 

the extent of the freedom to be allowed to American business- 
men in atomic activities in foreign countries. 

There are other aspects which will be of increasing importance in 
the future. These include operators’ licenses, various facilities 
licenses, license appeal procedures, and inspection enforcement tech- 
niques. Nevertheless, these are all straightforward problems for 
which there are precedents in other hazardous industries. The funda- 
mental difference at this time between these regulated activities and 
others, for which experience exists, lies in the fact that the foundation 
for control measures over peaceful uses of atomic energy is Federal 
eee of all special nuclear materials. 


15.2.1. Fep—ERAL OWNERSHIP 

mail 2 h of the 1954 act finds that ‘‘It is essential to the common 
defense and security that title to all special nuclear material be in the 
United States while such special nuclear material is within the United 
States.” Retention of title to this material which could be used for 
atomic weapons permits the Federal Government to have more 
absolute control. Federal jurisdiction is made secure against State 
interference, recovery of material in wartime or emergency is expe- 
dited, and the United States is able to continue working toward inter- 
national atomic controls with greater flexibility. 
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Federal ownership does create some problems which may tend to 
grow with the growth of a private atomic industry. The most critical 
of these is the role of the Federal Government in the pricing of special 
nuclear materials, hence its role in the economics of private licensed 
operations. The provisions of the 1954 act mean that there is only one 
buyer for any special nuclear material—the Commission. ‘Techni- 
cally, the Commission pays for the production of the material rather 
than for the material itself, but this is commonly being called the 
“buy back” price, referring to plutonium and uranium 233 produced 
in nuclear reactors. 

In most prospective near-term commercial atomic power reactors, 
the “buy back” price could make or break the economies of the plant. 
By law, the Commission can only guarantee “buy back’’ prices for 
7 years, while plants able to produce such material must run for 25 to 
40 years to amortize their costs. Thus, private investors have no way 
of forecasting when they may suddenly be thrown into a losing opera- 
tion as a result of changes in future Commission-guaranteed prices. 
It is true that all licensees receive the same prices, but all licensees 
will not have the same types of plants and may have differing eco- 
nomic break-even points. 

During the period when there are relatively few atomic power- 
plants in operation, there are advantages to the principle of Federal 
ownership. The byproduct materials produced in such plants will 
have essentially no other potential buyer except the Federal Govern- 
ment, even without the law. In such a limited market place, private 
operators could scarcely survive wide price fluctuations such as occur 
in other metal markets like copper. Thus, early atomic powerplant 
licensees will undoubtedly need the stability which Federal owner- 
ship and, hence, Commission-guaranteed prices, can provide. 

As the number of atomic powerplants increases, a market for the 
byproduct plutonium or uranium 233 for use as reactor fuel will un- 
doubtedly develop, thus a degree of inherent market stabilization will 
come into existence. (See the discussions of growth of installed nu- 
clear power capacity in ch. 2 for time estimates as to when such 
a Be riod may be reached.) When that time does arrive, the policy 
of Federal ownership should be reexamined. 

Perhaps the strongest reason for Federal ownership is the need for 
flexibility in dealing with the subject of international atomic controls. 
The United States can enjoy an advantage by being able to state 
categorically that it owns and absolutely controls all special nuclear 
materials in the United States. The entire subject of international 
controls is one which will change in character with the passage of 
time. Either a control system will be devised, in which case the 
Federal ownership policy will have served one of its purposes, or it 
will become clear that international control is not going to be achieved, 
in which case Federal ownership is no longer of particular significance. 

Another factor which must be considered in any reexamination of 
the policy of Federal ownership is the possible need for recovery of 
nuclear materials promptly for military use in an emergency. Here 
again, the motivation will undoubtedly change with the passage of 
time. As military atomic stockpiles grow, at some point there will 
certainly be as much on hand as can be used effectively. If a future 
war is short, there would not be time to recover the materials and 
fabricate them into weapons. If a future war is long and any sub- 
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stantial amount of the Nation’s electricity is being generated from 
atomic energy, it seems unrealistic to suppose that such electricity 
could be sacrificed from the production capability of the Nation by 
withdrawal of the atomic fuel. 

Finally, there is the relationship of State and Federal regulatory 
and enforcement roles. If the Commission proceeds, as it is now do- 
ing, to establish minimum safety criteria and assist State and local 
governments in developing the capability to enforce these criteria, it 
must follow that State and local governments will develop increasing 
knowledge which, together with a realistic sense of responsibility, 
will permit them to bear a greater share of the burden of public pro- 
tection. Although the Federal minimum standards will form a 
foundation of protection, no Federal statute or regulation can pre- 
vent any State or local government from imposing regulations on 
private activities which are more stringent than those imposed by the 
Federal Government. Therefore, Federal regulations will only tend 
to establish the reasonable minimum standards for industry. Thus 
the significance of this factor in the policy of Federal Government 
ownership also changes in character with the passage of time. 

15.2.2. Private Ricuts 

Under section 104 of the 1954 act, private individuals and organiza: 
tions may apply for licenses to build, own, and operate research and 
demonstration facilities using special nuclear materials. Even though 
the applicants and their proposals are qualified in every way, the final 
decision as to granting the license is within the discretion of the Com- 
mission. The basis for exercise of this discretionary authority lies in 
considerations of “the amount of special nuclear material available 
for such purposes” and in Commission evaluation of ‘activities which 
will * * * lead to major advances * * *’’. 

Section 103 of the 1954 act requires the Commission to issue licenses 
to all qualified applicants for commercial peaceful facilities using 
special nuclear materials, but licenses cannot be granted under this 
section until the Commission, under the provisions of section 103, 
“has made a finding in writing” that the type of facility to be licensed 
‘has been sufficiently developed to be of practical value for industrial] 
or commercial purposes.”’ Thus, in effect, a barrier of Commission 
discretionary authority can deny licenses to applicants under section 
103 just as effectively as under section 104. 

There have been no denials of licenses to applicants filing under the 
provisions of either section 103 or 104. Nevertheless, it is worth 
noting that the 1954 act which ostensibly opens up development and 
applic: ation of peaceful uses to responsible private investors does not, 
in fact, give anyone the uncontrolled right to e ngage in such activ ities 
even if the applicant meets all established criteria. The effect of these 
provisions appears to be contrary to the stated objectives of the act. 
They constitute an interference by the Federal Government in the 
right of a private investor to risk his own money, even to go broke, 
if he chooses to do so. 

The Commission’s interpretation of section 102, which requires the 
“finding of practical value,”’ particularly strains our concepts of pri- 
vate enterprise. As yet undefined tests of economic feasibility are to 
be applied by the Commission in arriving at such findings. While 
the Federal Government does frequently require applicants for other 
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licensed activities to prove economic feasibility of proposed activities, 
this is the first time, so far as can be determined, that the Federal 
Government has set itself up to decide on its own initiative when 
private licensees can profitably embark on regulated activities, deny- 
ing private investors the right to proceed before that time. Private 
investors are not given the right under this act to initiate determina- 
tion of such findings, bearing the burden of proof at their own expense. 


15.2.3. FEDERAL AND STATE REGULATORY AUTHORITY 


Throughout the licensing and regulatory provisions of the 1954 
act, it is imglied that the Federal Government is to exercise the regu- 
latory authority under which licensed activities go forward. There 
is no question but that some regulation of these activities is required 
in the interest of national security and the public health and safety. 
The only basic questions are: Who should set the regulations? Who 
should enforce them? 

At this relatively early stage of private investment in peaceful uses 
of atomic energy, there are few activities requiring regulation on any 
intensive scale. As wider application of peaceful uses of atomic 
energy come into existence, the burden of regulation, inspection, and 
enforcement will increase. All peaceful uses of atomic energy have 
in common the presence of radiation and the resultant hazards to 
workers and public health. Some uses are likely to be in interstate 
commerce, others confined to specific localities. Some hazards will 
be of a continuing nature; others will depend entirely upon the 
standards and design criteria imposed by regulation on manufacturers 
of equipment. Many activities already regulated by various Federal, 
State, and local agencies seem likely to be involved. Meatpacking 
plants, medical clinics, and electric utilities are just a few random 
examples. 

It would seem unnecessarily cumbersome and expensive to have a 
separate Federal agency—the Commission—invade all of these 
affected industries and regulate, inspect, and enforce. The Com- 
mission has already indicated an intention of letting other Federal, 
State, and local authorities take on the detailed regulation and 
enforcement in those areas and activities which are their normal 
province. For example, conferences of State officials have been held 
on health and safety and other regulatory problems. 

The Federal Government is in a more informed and better position 
to establish minimum standards. The responsibility for adapting 
these standards to local conditions and enforcing them could be 
within the purview of State and local authorities. It should be kept 
in mind that State and local bodies have the right to impose regula- 
tions more stringent than those required by the Federal Government. 


15.2.4. AUTHORIZATION TO ConpbwuctT FoREIGN BuSINESS 


Section 57a(3) of the 1954 act allows American businessmen to sell 
atomic equipment, advise potential foreign purchasers, and conduct 
other foreign atomic activities only on Commission approval. Au- 
thorization for such activities must be based either on the terms of exist- 
ing bilateral agreements for cooperation with foreign countries, or on 
Commission determinations that the activities “will not be inimical 
to the interests of the United States.” 
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The Commission has recently given a general authorization for 
conduct of business in foreign countries relating to peaceful uses of 
atomic energy, not including, however, any general authority to 
convey restricted data. Atomic power equipment manufacturers 
have noted that this situation prevents them from discussing’ the 
probable cost of electricity from atomic powerplants, arrangements for 
supplying and reprocessing fuel, and most significant details of plant 
design. ore are matters discussed under control of information. 
(See ch. 

The foreign business problem can be resolved only in the context 
of United States policy relating to promotion of international use of 
atomic energy for peaceful purposes. (See ch. 9.) It should be noted 
here in connection with licensing and regulation that business profits 
cannot come ahead of sound national interest in the area of foreign 
policy. The delays in developing a workable control scheme for 
international application of peaceful uses of atomic energy are un- 
fortunate, but the interrelationship of this problem with international 
military control is undeniable. 


CONCLUSIONS AND RECOMMENDATIONS 

Ownership of all special nuclear materials by the Federal Govern- 
ment is now desirable and useful, but at some future time the factors 
motivating such Federal ownership may change. We would expect 
that continuing review of this statutory finding would result in its 
abandonment at some future date. 

We have noted that while it is desirable to construct a sound 
licensing system as rapidly as possible, contracts for private posses- 
sion and use of Government-owned special nuclear materials could 
provide, in addition to financial terms, all of the conditions necessary 
for protection of public safety and national security. The emphasis 
in the 1954 act on licensing is sound as a means of establishing equality 
of treatment of private participants, only if it is recognized that 
licensing rather than Federal ownership is to be the future course. 

Despite recognition of the fact that there is no evidence of anyone 
now being injured by the licensing provisions of sections 103 and 104, 
the principles involved in these sections, in our opinion, conflict 
with the principles of private enterprise which the 1954 act has been 
represented as advancing. 

As the peaceful uses of atomic energy expand, public safety requires 
establishment of minimum Federal standards on radiation dosage and 
equipment design. Enforcement on a uniform basis should be shared 
with State and local authorities as rapidly as possible. (Assignment 
of responsibility for various aspects of standards and enforcement is 
discussed in chs. 14 and 18.) 

Delays in clarifying for American businessmen what they can do 
or what they can discuss with potential foreign customers with respect 
to peaceful atomic applications further impair incentive for develop- 
ment of industrial atomic manufacturing potential at home, and the 
leadership of the United States in these fields abroad. 

We egret recommend: 

that the Joint Committee on Atomic Energy create stat- 
‘an y devices to insure a continuing review of the present policy 
of Federal ownership of all special nuclear materials in anticipa- 
tion of the establishment of private ownership; 
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2. that the 1954 act be amended to permit initiation of pro- 
ceedings for the determination of ‘‘practical value,’ as required 
in section 102, by private citizens as well as by the Commission, 
limiting the definition of “practical value’ to technical con- 
siderations; 

3. that the Commission, and other appropriate Federal depart- 
ments and agencies, work with State and local authorities to 
establish uniform safety and health regulations and enforcement 
relating to peaceful uses of atomic energy; and 

4. that the Joint Committee on Atomic Energy reevaluate now 
the propriety of the controls on the activities of American 
business in foreign countries imposed by section 57a (3) of the 
1954 act, over and above those controls established by other 
provisions of the act relating to control of information. 








CHAPTER 16—FINANCIAL ENVIRONMENT 


1. Introduction and Summary. 
16.2. Financial Devices Under Commission Control. 
16.2.1. Commission Research and Services for Industry. 
16.2.2. Procurement of Research and Services from Industry. 
16.2.3. Guaranteed Prices and Waiver of Charges. 
16.2.4. Training, Patents, and other Indirect Financial Devices. 
16.3. Other Indirect Financial Aids. 
16.4. Conclusions and Recommendations. 


16.1. INTRODUCTION AND SUMMARY 


The Atomic Energy Act of 1954 opened peaceful uses for wider 
industrial development; it also established elements for a financial 
environment conducive of growth of private enterprise. 

The 1954 act authorizes and directs the Commission to carry on the 
base load of research and development of peaceful uses. In so doing, 
however, the Commission is also directed to conduct these activities 
so as to encourage the growth of an industrial research and develop- 
ment capability. There are various direct and indirect financial 
devices available to the Commission for providing encouragement and 
assistance to non-Commission research efforts. The use of these is 
largely at the discretion of the Commission. 

Private and other investors can be encouraged to experiment with 
unproven ideas, rather than to follow such technological trails as may 
already have been blazed. In extending such encouragements, the 
Commission has the delicate and difficult task of exte nding Govern- 
ment aid equitably without impairing private initiative and willingness 
to take risk. 


FINANCIAL DEVICES UNDER COMMISSION CONTROL 
aes are four principal categories of financial devices available to 
the Commission for improving the financial environment within which 
the new peaceful atomic industry can develop: (1) Commission re- 
search and services for industry; (2) procurement of research and 
service from industry and others; (3) guaranteed prices and waiver 
of charges; and (4) training and patents. Not all of these are explicit 
in the 1954 act. How the Commission exercises its authority in these 
areas could influence the rate of development. 
16.2.1. Commission RESHARCH AND SERVICES FOR INDUSTRY 
The Comisssion is directed by law to conduct or make arrangements 
for the conduct of research and development, including peaceful uses 
of atomic energy. The 1954 act gives the Commission wide discretion 
in selecting the character and direction of research and development 
activities. Ideally, all activities would be devoted to exploration of 
the frontiers of national atomic resources. This would require an 
industrial capability prepared to carry on the technological develop- 
ment of the ideas explored. Until this industrial capability comes 
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into being, the Commission can and must adjust its research programs 
to expedite and assist in development work which is the national 
interest and would not otherwise be performed. 

Where the Commission finds that research of interest to private 
industry is not of sufficient national interest to justify a Commission 
program, the 1954 act also authorizes the Commission to conduct such 
research for others in its own facilities, making charges as the Commis- 
sion finds ‘“‘desirable.”” There are no standards to guide the Com- 
mission in establishing when or how to make charges. Section 161 of 
the act, which defines standards fur charges for certain services which 
the Commission may perform for others, does not relate to this 
research authorization. 

Since the authority to conduct such research is limited to situations 
in which the Commission “finds private facilities or laboratories are 
inadequate to the purpose,” the willingness of the Commission to 
perform such research and the charges it makes have a substantial 
influence on the financial environment. 

Section 161 m. of the 1954 act authorizes the Commission to process, 
fabricate, separate, or refine in its own facilities source, byproduct and 
special nuclear material owned by or made available to licensees. 
Nondiscriminatory prices must be charged for such services. The 
charges must cover cost to the Commission and at the same time ‘‘not 
discourage the development of sources of supply independent of the 
Commission.”? This could mean that the Commission cannot set such 
charges below prices which private service facilities would have to 
charge for the same work. The Commission Manual for its employees 
and contractors seeks to provide some guidance on how such charges 
are to be set and when services are to be performed. (See Commission 
letter of December 16, vol. 2, ch. 18.) 

Exercise of this authority presents difficulties because only the 
Commission has certain types of facilities now and these are fully oceu- 
pied with Commission civilian or military work. Private work will 
not be done in Commission service facilities unless it gets priority over 
this other work. No basis for establishing such priorities is set forth 
in thelaw. In one of the most critical service areas thus far, the Com- 
mission has established a coordinating committee which is attempting 
to work out priority problems. 


16.2.2. PRocUREMENT OF RESEARCH AND SERVICES From INDUSTRY 


Section 31 of the 1954 act authorizes the Commission to pay for 
research and development done outside its own plants and laborator- 
ies. Section 169, though it is entitled ‘‘No subsidy,” makes it clear 
that such research work can be performed in connection with licensed 
plants, whether experimental or commercial. These provisions as 
interpreted by the Commission, have proved to be the key to making 
it possible to put Commission research money into large private proj- 
ects. Three of the five proposed full-scale private atomic powerplant 
‘‘demonstrations” are being negotiated on the basis of indications 
from the Commission that it is prepared to give multi-million-dollar 
research and development contracts to their sponsors. 

This is a useful but hazardous financial device. Its origins were in 
controversy during the Joint Committee hearings in February and 
March 1955. One thing is clear. The device as it is now being used 
by the Commission is so powerful that it completely overshadows all 
of the details of the complex licensing structure of the 1954 act. The 
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organizational problems involved are touched upon in chapter 18, but, 
in addition, it should be noted here that the real demand today is not 
for licenses. The key to stimulation has been Commission research 
and development money. 

In order to assist in determining now to allocate the funds available 
for the exploration of atomic power through the construction of 
“demonstration”’ plants, the Commission invited and received pro- 
posals for large plants in 1955 and has announced a second round on 
small “demonstration” plants for 1956. Although the five private 
proposals in the first round differed substantially in the amounts of 
Commission money they required, the Commission found itself with- 
out funds to accept all proposals. No one got a flat turndown. The 
allocation of Commission funds is still being negotiated in some cases. 

Just as the Commission can have research performed in non-Com- 
mission laboratories and plants under contract, it can also contract 
for other services and materials. Private organizations can and do 
own uranium ore refineries, for example. They can also own ore- 
processing plants in which the feed material for both reactors and 
gaseous diffusion plants are prepared. The Commission has invited 
private proposals for furnishing up to 5,000 tons of uranium oxide per 
vear from private plants. Such initial sales contracts could permit 
private investors to go into business with assurance of the marketa- 
bilitv of a substantial portion of their product for a definite number 
of years. The number of years ahead for which the Commission may 
contract for such services or products, however, is not clear in present 
law. 

If industry is encouraged by such contracts to build plants either 
larger than private users may require, or plants not technically 
adaptable at reasonable cost to the sort of demands created by a 
future civilian market, the Commission may be forced to continue 
purchases from these plants longer and in excess of Commission needs. 
Such force may be political rather than contractual, but would, never- 
theless, be real. 

We have noted the Commission’s statement of new policy ‘‘to rely 
on industry to provide any required additional production capacity 
to the greatest feasible extent.’”? (See ch. 18, vol. 2.) 

The Commission and the military services have occasion to procure 
tremendous quantities of atomic materials and services. Commis- 
sion orders, for example, have already built a sizable radiation instru- 
ment industry. Plans for atomic propulsion of future naval vessels 
and for processing the fuel from such atomic powerplants could 
obviously bring an entire array of industrial organizations into the 
atomic energy business. 

The disadvantages of using this technique for speeding industrial 
participation appears to be in the injection of the pattern of Com- 
mission needs into the future pattern of private industry. A chemical 
processing plant, for example, designed to process fuel from a naval 
propulsion reactor may not be well- adapted to handling the fuel 
from private atomic powerplants. 

16.2.3. GUARANTEED PrIcES AND WAIVER OF CHARGES 

Section 53d. of the 1954 act gives the Commission discretionary 

authority to exempt experimental, medical, and research facility 


licensees from charges for the fuel consumed or any inventory charges 
on fuel. This authorization does not extend to the treatment of 
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commercial facilities. Such waivers could obviously reduce the 
financial burdens faced by licensees conducting research and develop- 
ment activities, thus encouraging investment in experimental, medical, 
and research facilities. Licensees might also be able to afford to in- 
troduce more radical elements in design. 

On the other hand, if the Commission can be persuaded that a 
particular atomic facility is experimental rather than commercial, and 
that no fuel inventory or burn-up charges are to be levied, greater 
profitability could result. This is an attractive target for prospective 
private powerplant operators to aim for. 

The Commission is required by the act to “establish criteria in 
writing for the determination of whether a charge will be made for 
the use of special nuclear material’’ under section 53 c.; no such criteria 
as yet exist. Waivers of burn-up charges are being considered. 
In addition to authority to waive atomic fuel inventory charges, the 
Commission is authorized to establish guaranteed prices for domestic 
production of source materials, i. e., uranium and thorium in section 
_ of the 1954 act, and for the production of special nuclear materials, 
i. e., plutonium, uranium 233 and 235, in section 52. 

~-flaoes guaranties for source materials now extend to 1962 in the 
United States. Such guaranties are intended to assure the profitability 
of mining operations, and in fact provide the only economic basis for 
the uranium mining industry which has developed in the United 
States. Guaranteed prices are based on the concept that the Govern- 
ment requirements for source materials will not be met unless a 
guaranteed market exists far enough into the future to permit explora- 
tion for and dev elopment of resources as well as a period of production 
sufficient to recoup investment by prospectors and miners. 

The stable ore prices which thus result incidentally benefit those 
looking toward putting the same materials to work for peaceful 
purposes. 

While the guaranteed ore price system was initiated to assure 
meeting military requirements, the present system for stabilizing the 
market, however, has no basic element within it which makes it the 
only way to meet the needs of future industrial uses. 

At least one alternative is available. It might be possible to 
satisfy military requirements by giving guaranties of the minimum 
quantities of uranium needed from domestic sources in some selected 
number of subsequent years. In this way, uranium ore producers 
would begin to have a free market, with the assurance that the 
Government would be active in that market as a buyer to some 
definite and predetermined extent. This approach might result in 
some changes in ore prices, but such changes, however, are not likely 
to have a significant effect on growth of peaceful uses, because the 
basic ore price is only one factor in establishing the reactor fuel costs. 
Fabrication and fuel reprocessing under present technology together 
appear to exert much greater influence. The security considerations 
of this course of action, however, lie beyond the purvi ew of our study. 

The 1954 act limits the pe riod for which the Commission can guar- 
antee prices to be paid for production of special nuclear materials in 
licensed facilities to 7 years. This is the practice known as “buy 
back.”” The same price applies to all licensees—experimental, medi- 
cal, research, or commercial. This provision is required in order to 
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compensate licensees for the fact that materials which may be pro- 
duced cannot be privately owned. 

In setting the prices it pays for such production, the Commission 
has an opportunity to influence the financial prospects for licensed 
reactor designs and operations. A high price would encourage new 
reactor operators to produce much special nuclear material. A low 
price forces the operators to obtain their revenue from other sources, 
such as electricity, heat, fission byproducts, and radiation capacity. 

A price schedule has been established. . It is classified confidential 
restricted data on the grounds that the prices bear a relationship to 
production costs of similar materials produced in Commission plants, 
hence would provide a potential enemy with an added tool for com- 
putation of United States military stockpiling. 

The importance of these prices can be so great in setting the econom- 
ics of atomic power that the proof of the wisdom of keeping these prices 
classified and thus out of the realm of public examination should be 
substantial. In a statement to the panel by the Department of De- 
fense giving its viewpoint on control of information, the classification 
of guaranteed prices was used as an example of the establishment of a 
lower classification than was warranted. We are not expert in such 
matters, but we believe the national interest would be advanced by 
publication of these price schedules. 

The remaining device for direct financial assistance through pricing 
of materials is contained in section 81 of the 1954 act which authorizes 
the Commission to distribute byproduct materials, such as radio- 
isotopes and fission products, with or without charge. If a charge 
is made, it must be set so as to cover costs and not undersell inde- 
pendent sources of supply. The Commission has never proposed 
giving radioisotopes, radioactively labeled compounds, and the like 
without any charge. It is interesting to note that this could be done. 

We have observed that many substantial contributions can be 
made by diverse peaceful uses of atomic energy other than atomic 
power. In most cases, the cost of the radioactive materials is not 
significant in the total cost. In such applications as medical therapy 
devices, medical diagnostic and clinical uses, and agricultural research, 
the cost of the radioactive materials can be a substantial portion of 
the total cost. The Commission has a policy of selling radioisotopes 
for all medical research at 20 percent of cost. Apparently this has 
stimulated use of such materials. 

16.2.4. TRAINING, PATENTS, AND OTHER INDIRECT FINANCIAL DEVICES 

The Commission has already and will inevitably continue to assist 
private enterprise through the training of skilled and professional 
manpower both on-the-job in Commission plants and through semi- 
formal programs. People leave the Commission and its contractors 
every day. While turnover’rates do not appear excessive, the new 
employers to whom these people go get employees already trained in 
some aspects of atomic energy. This training was paid for by the 
Commission incident te getting Commission work done. Each person 
thus trained is one more person for whose training industry does not 
have to pay. 

Patents are also related to financial environment. This subject is 
discussed in chapter 17. The extent to which the Commission allows 
private licensees to hold patent rights can have very substantial 
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bearing on the attractiveness of private investment in peaceful uses 
of atomic energy. 

Finally, to the extent that American private enterprise is dependent 
on foreign markets for early profitability, United States foreign 
atomic aid may prove very important. Many of the countries 
interested in acquiring the benefits of peaceful uses of atomic energy 
do not have the capital available. The United States may very 
possibly have to provide financing as well as technical assistance if 
the interest which has been stimulated in foreign countries is to be 
matched by achievement. (See ch. 9.) 


16.3. OTHER INDIRECT FINANCIAL AIDS 
We have examined the principal te chniques s for financial assistance 

to private enterprise available to the Commission. There are other 
techniques less obvious but equally significant. These do not involve 
action by the Commission. The diversity of these is indicated in 
the following listing: 

(a) Accelerated tax amortization. 

(6) Liberalized depreciation allowances. 

(ec) Loss on sale or abandonment of depreciable property used 

in trade or business. 
(d) Research and development expense writeoffs. 
e) Moderation of double taxation of dividends. 

f) Capital gains tax of investors and their financiers. 

( ) Business-loss offsets. 

ch) Venture-capital company advantages. 

(1) Corporation surtax exemptions. 
Other financing techniques which have been used by the Federal 
Government from time to time which could be reviewed for stimula- 
tion of atomic development include: 

(a) Loan guaranties. 

(6) Direct loans. 

(c) Small-business aid. 

(d) Public-facility loans. 

These techniques are described in a special study report prepared 

for the panel by the Department of the Treasury which appears in 
chapter 16, volume 2. 


16.4. CONCLUSIONS AND RECOMMENDATIONS 

The selection by the Commission of research and development 
projects is significant in affecting the financial environment surround- 
ing development of peaceful uses of atomic energy. Research per- 
formed by the Commission and access granted to the results can take 
the place of work which otherwise would have to be performed by 
private investors. 

Guidance related to research conducted in Commission laboratories 
for itself and for others should be given by the Congress on three 
points: The priority to be accorded civilian versus military research 
tasks; the desirability of creating additional Commission facilities to 
conduct peaceful research as an alternative to other devices, such as 
direct Government financial aid to private industry to develop such 
research facilities; and priorities as between potential private 
applicants for research in Commission facilities. 
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Without such guidance, the Commission is placed in a position to 
exercise influence over the economics of private ventures which may 
lead to charges of favoritism, partiality, and mismanagement of 
Government resources. This is an excessive responsibility to place on 
the Commission. It is almost certain to lead to an overly cautious 
attitude on the part of Commission personnel. 

The establishment of priorities for making available Commission 
facilities for processing, fabricating, separating, or refining source, 
byproduct, and special nuclear materials appears to follow the stand- 
ards of urgency applied to peaceful uses requiring these services. 
Conflicts between Commission and private requirements for such 
services should also be considered in the context of the organizational 
problems discussed in chapter 18. 

With respect to Commission support of research and development 
in licensed facilities, we have concluded that only in this way can 
the Commission assure that exploration of the frontiers of peaceful 
atomic uses will move forward with sufficient impetus. Investment 
of Commission research and development money in both small and 
large private “demonstration” atomic powerplants seems to us to be 
sound national policy. 

The Commission can seek to meet its own requirements for products 
and services of a military nature by contracting with industry. There 
may be some question, however, as to how useful this form of financial 
encouragement can be to peaceful uses development, except for the 
value resulting from the training of skilled personnel. 

Waiver by the Commission of charges for fuel inventories and con- 
sumption could be of substantial financial assistance in the develop- 
ment, construction, and operation of experimental, medical, research, 
and ‘‘demonstration”’ facilities. This device now has limited effect 
because the Commission is considering the exercise of its discretionary 
authority only in relation to fuel consumption. 

Military requirements for uranium are the present reason for ore- 
price guaranties. A free market should be the objective for the era of 
expanded peaceful uses without guaranties. 

As an alternative to price guaranties in accomplishing the transition 
to a free market, tonnage guaranties based upon military requirements 
should be considered. Any guaranties should be reviewed annually 
and extended on a 5-year moving basis only if justified by military 
requirements. 

Commission authority to establish guaranteed prices for production 
of special nuclear materials in licensed facilities is a powerful financial 
device which has a material bearing on the economics of atomic power. 
The Commission has exercised its pricing authority in a conservative 
manner so as not to lay the foundations for a long-term subsidy to the 
atomic-power industry. The wisdom of this cannot be examined 
publicly unless the entire supply and demand picture can be declassi- 
fied. We are not critical of the Commission’s prices, but we think it 
undesirable for a financial device of such far-reaching significance to 
be hidden from public examination. 

The authority of the Commission granted by section 81 of the 1954 
act’ to distribute radioisotopes and fission products with or without 
charge has been exercised with beneficial effects in the sale of radioiso- 
topes at 20 percent of cost for medical research. We can think of no 
better way to increase the rate of development of many peaceful uses 
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of atomic energy in the years immediately ahead than by extending this 
same policy to all research in the fields of general science, agriculture, 
and industry, as well as to diagnostic and clinical uses in the field of 
medicine. This may be an ideal way for Government to speed ex- 
ploration of potential new resources and to aid humanity at modest 
cost. 

Other financial devices, direct and indirect, controlled both by the 
Commission and by other Government agencies, can be used as neces- 
sary to improve the financial environment and speed development of 
peaceful uses of atomic energy. 

We recommend that: 

the Joint Committee review the 1954 act, in light of the 
priorities for development of various peaceful uses set forth in 
our report, with a view to providing clear guidance to the Com- 
mission on the relative priorities of military and peaceful uses 
and between various peaceful uses; 

2. the Commission provide financial assistance under section 
31 of the 1954 act for the conduct of research involved in one 
“demonstration” of each major type of utilization facility inso- 
far as such assistance proves essential to private participation in 
such projects; 

3. the Joint Committee, in considering future Commission 
requests for long-term contract authority for the procurement of 
materials and services from industry as an alternate to build- 
ing additional Government facilities, bear in mind that in some 
cases it may be unsound to encourage private enterprise to focus 
its attention on Commission military needs not compatible with 
the ultimate direction of peaceful uses; 

the Commission waive all charges for fuel used in experi- 
mental, medical, research, and ‘‘demonstration”’ facilities where 
such facilities are owned by nonprofit institutions and used sub- 
stantially for educational or medical purposes; 

5. the Commission recognize that military requirements for 
uranium are the present reason for ore-price guaranties and that 
a free market should be the objective for the era of expanded 
peaceful uses without guaranties; that the Commission, as an 
alternative to price guaranties in accomplishing the transition 
to a free market, consider tonnage guaranties based upon 
military requirements; any guaranties should be reviewed 
annually and extended on a 5-year moving basis only if justified 
by military requirements; 

6. the guaranteed price schedules for the production of special 
nuclear materials should be declassified to make possible public 
examination of this important financial device. 

7. the Commission sell radioisotopes at 20 percent of cost 
for use in all research in the fields of general science, agriculture, 
and industry, as well as in diagnosis and clinical use in the field 
of medicine; and 

8. the study prepared by the Department of the Treasury be 
examined as a valuable exposition of important and often- 
misunderstood financial techniques. 
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CHAPTER 17—-PATENTS 


17.1. Introduction and Summary. 

17.2. Clarification of Patent Provisions by Administrative versus 
Congressional Action. 

17.3. Conclusions and Recommendations. 


17.1. INTRODUCTION AND SUMMARY 


Patents are relevant to the present study to the extent that pertinent 
provisions of the Atomic Energy Act of 1954—and administration of 
these provisions—result in stimulation or retardation to developmeni 
of the peaceful) uses of atomic energy. 

The patent concepts developed in chapter 13 in the 1954 act 
reflect issues other than patents themselves. Fears of both public 
power and private monopoly found expression here. Nevertheless, 
the law is not clear. The emphasis lies on protecting established or 
anticipated interests, both public and private, rather than on foster ing 
vigorous scientific and engineering exploration. ‘To the new peac eful 
atomic industry seeking to get established, the patent provisions of 
the 1954 act leaves something to be desired, but need not be fatal. 
The issues involved are discussed below. 


17.2. CLARIFICATION OF PATENT PROVISIONS BY AD- 
MINISTRATIVE VERSUS CONGRESSIONAL ACTION 

Developments in the peaceful applications of atomic energy are 
expected to come more rapidly with increased private participation. 
Historically, one of the stimulants which could encourage such 
participation has been a strong patent system. The Government 
grant of exclusive rights under a patent has motivated or justified 
private investment in research. Unwillingness to grant exclusive 
right or the imposition of significant limitations can have a stifling 
effect on the availability of money to support research. Furthermore, 
patents in industry are important not only because of the exclusive 
right granted to practice an invention for a specific number of years, 
but also for the tangible property which patents have come to represent 
in industrial negotiation. 

It has been noted that the peaceful applications of atomic energy 
are, at the present time, in a period of transition from complete Com- 
mission control to substantial private participation. In this transi- 
tional period, those who are considering entering the field naturally 
seek to remove any obstacle to conducting their business in a manner 
which they consider normal. Each potential entrant, of course, seeks 
every possible justification for investment, as well as the most advan- 
tageous patent arrangements. On the other hand, the Commission— 
long accustomed to maintaining strict patent control—finds it difficult 
to divest itself of control in the absence of clear direction in the law. 

This transition period from no private patents to some private 
patents is characterized by maneuver and negotiation on the part of 
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Government and industry in which the patent provisions themselves 
in the 1954 act are only one element. Realistic, rather than purely 
legalistic, Commission interpretation of the somewhat contradictory 
statutory directives can permit such negotiations to take the place of 
clarifying amendments. 

If the period of negotiation is too protracted, or if the ultimate 
objective provides less incentive than is held out by the operation of 
the traditional patent system, development of peaceful applications 
of atomic energy might conceivably be retarded in ways difficult to 
appraise. Private individuals and organizations must be assured 
promptly of the extent of their rights to patents developed from 
privately financed work wherever it is performed. The reserve power 
compulsory licensing provisions of the 1954 act guard against’ the 
possibility that individuals or groups nie prior experience gained as 
Commission emplovees or contractors can obtain an excessive ad- 
vantage contrary to the best interests of the public or in conflict with 
sound | principles of free competition. 

The dangers of extended negotiation on patent provision. interpre- 
tation are revealed in two developments which bave already occurred: 
patent rights of licensees and access permit holders; and private 
patent rights in foreign countries. 

The Commission has tentative ly interpreted the statutory provisions 
so that mere access to certain types of information does not bar 
private individuals or organizations from receiving patents on subse- 
quent privately financed developments relating to peaceful uses of 
atomic energy. This policy still has not been officially promulgated 
but is contained only in proposed regulations. It certainly bas not 
been widely publicized. Many potential private or industrial partici- 
pants still do not realize that they can now apply for licenses and ob- 
tain access to confidential restricted data without impairment of their 
future patent rights. The follow: ing excerpt from a Commission. com- 
munication (see full text in vol. 2, ch. 17), may therefore be useful: 

With respect to actions taken by the Commission to interpret the meaning of 

the language in section 152, the Commission has taken the position that a license 
does not constitute a “relationship with the Commission.’ In adaition, the 
Commission has stated that it will retain no rights in inventions or discoveries 
resulting from the sale or distribution of radioisotopes, the sale of irradiation 
services and the dissemination of information pursuant to an access permit (with 
the exception of the retention of a royalty-free, nonexclusive license in inventions 
resulting from access to “‘secret restricted data’’) 
Further clarification by the Commission of its position would be 
helpful. The more clearly all Commission patent policy is stated, the 
more opportunity will be afforded for intelligent debate and review of 
that policy. 

The second development which deserves mention is related to the 
establishment of a strong United States patent position abroad. In 
the sense that patents represent tangible property, useful in industrial 
negotiation, it is advantageous to industry that foreign patents be 
obtained on inventions made by citizens of the United States. Neither 
the 1946 nor the 1954 act gave any encovrsgemert to the Commission 
to acquire patent rights in foreign countries for the purpose of giving 
the Federal Government international bargaining advantages and 
therefore the Commission has no strong incentive to obtain such 
rights. The filing of applications for foreign patents on an atomic- 
energy invention, to which title in the United States is held by the 
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Commission, is discretionary with the Commission. The policy has 
been to file such applications (secrecy requirements permitting) when 
and where the Commission judges that the best interests of the Govern- 
ment would be served by doing so. 

The best interest of Government and industry may not always be 
coextensive. A mechanism is therefore required which assures that 
while the Government interests continue to be protected, the interests 
of industry are not overlooked. 

One presently minor but potentially important item has also been 
called to our attention. The language of section 152 of the 1954 act 
requires the filing of a statement of the origin of the invention with 
the Commissioner of Patents either with the patent application or on 
request. This opens the possibility that the Commission may be 
barred from ne a patent on inventions conceived at Commis- 
sion expense if cannot obtain the required statement from the 
inventor within the 30-day period following request for the statement 
from the Commissioner of Patents. A perfecting amendment appears 
desirable to correct this situation. 

The expiration date set in section 153h beyond which the com- 
pulsory patent licensing features of the 1954 act cease to be effective 
will automatically shift atomic patents nearer the normal petent 
system. Although the Joint Committee has indicated its intention 
to review the entire atomic patent provisions of the 1954 act, it would 
appear desirable to wait until the September 1, 1959, date is nearer at 
hand. 


17.8. CONCLUSIONS AND RECOMMENDATIONS 


Patents can stimulate private investment in the development of 
peaceful uses of atomic energy. The absence of clear patent policies 
or ambiguity in administration can seriously retard. The 1954 act 
for the most part accomplishes the same objectives as the normal 
patents system and at the same time protects the public against 
unwarranted abuse or monoploy. Return of patents on peaceful 
atomic applications to the normal system must be the objective. In 
the meantime, prompt and definitive statements of Commission 
patent policy are currently more essential than revision of the patent 
provisions of the 1954 act. 

We penne: 

that the Commission announce its complete interpretation 
of pean provisions relating to private development of peaceful 
uses promptly, not on a piecemeal or case-by-case basis; 

2. that the Commission notify inventors promptly as to the 
inteations of the Government with regard to the filing of appli- 
cations for patent rights in foreign countries on inventions to 
which title in the United States rests with the Commission and 
authorize the inventors to file applications for patent rights in 
foreign countries where the Commission chooses not to do so; and 

3. that the complete review of the patent provisions of the 1954 
act by the Joint Committee be set aside until the expiration date 
relating to the reserve power compulsory licensing provisions in 

September 1, 1959—is closer at hand. There are 
many other important policy i issues which require more prompt 
attention. 











CHAPTER 18—GOVERNMENT ORGANIZATION 


. Introduction and Summary. 
. Elements of Commission Organization which Affect the Rate of 
Development of Peaceful Uses of Atomic Energy. 
18.2.1. Information. 
18.2.2. Research. 
18.2.3. Licenses and Regulations. 
18.2.4. Special Nuclear Materials. 
18.3. Observations on Commission Organization. 
18.4. Executive Branch Organization for Peaceful Uses of Atomic 
Energy. 
18.5. The Role of Congress. 
18.6. Conclusions and Recommendations. 


18.1. INTRODUCTION AND SUMMARY 


Until passage of the 1954 act, the Atomic Energy Commission and 
the Joint Congressional Committee on Atomic Energy were the points 
in the executive and legislative branches of our Government in which 
were centered or reflected all the responsibilities for policy and for 
administration of the development and application of all uses of atomic 
energy. Today, activities connected with the encouragement and 
regulation of peaceful uses of atomic energy concern almost every 
executive department and agency, as well as many committees of the 
Congress. 

With the coming of atomic electric power, the Federal Power Com- 
mission will clearly be involved. The Department of the Interior is 
concerned with conservation and exploitation of our natural energy 
resources. The Department of Labor is responsible for helping meet 
the requirements for higher worker skills stimulated by atomic preci- 
sion. The Pure Food and Drug Administration has jurisdiction over 
the public safety aspects of radiation food preservation. The Public 
Health Service is concerned with radiation safety. The State Depart- 
ment must suggest and administer foreign atomic policy relating to 
peaceful uses. The Maritime Administration, the Navy Department, 
the Army Quartermaster General, the entire Department of Agricul- 
ture, and even taxing authorities of the Treasury Department, must 
deal with special problems related to peaceful uses. The atomic 
activities of these and the many other executive departments and 
agencies must all ‘be reflected in congressional committee deliberations. 

This change from centralization to dispersed functional interest has 
resulted from the decision to get on now with widespread application 
of peaceful uses of atomic energy—uses which encompass almost every 
aspect of our national life, and affect many broad domestic and 
international policies. The Nation is moving toward the termination 
of the era of giving atomic energy special treatment. The widespread 
benefits now sought require the experience and managerial talents not 
only of American industry, but also of all elements of our govern- 
mental structure. 
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Integration of Federal atomic policy was relatively straightforward 
when centralization was the order of the day. It required principal 
coordination between the Commission and the Departments of State 
and Defense. Now the problem is vastly different. There is no 
overall mechanism as yet to accomplish the integration so essential 
to insure clarity of policy and maximum benefits. 

The Commission itself is still in the process of adjusting to its new 
role. The precise military requirements to which it has been geared 
since its inception must now accommodate far less precisely stated 
requirements for development and application of peaceful uses. 
Appropriately, the 1954 act gave the Commission the breadth of 
discretionary authority necessary to permit it to meet the varying 
peaceful requirements which will be imposed during the present 
transitional period. The pattern and direction of exercise of this 
discretionary authority, however, has not yet been established. 


18.2. ELEMENTS OF COMMISSION ORGANIZATION WHICH 
AFFECT THE RATE OF DEVELOPMENT OF PEACEFUL 
USES OF ATOMIC ENERGY 

The responsibility for encouragement and regulation of the devel- 
opment of peaceful uses of atomic energy is dispersed throughout 
almost the entire organizational structure of the Commission. The 
Washington headquarters, all field offices, and contractor-operated 
facilities are involved. We have considered primarily the head- 
quarters organizational structure of the Atomic Energy Commission. 
We believe that the assignment of responsibilities to the other parts 
of the organization must flow from this source. 

The Assistant General Manager for Research and Industrial Devel- 
opment provides the managerial focal point within the Commission 
for the coordination and the direction of all activities of the Commis- 
sion relating to: (1) stimulation; (2) development, and (3) application 
of the peaceful uses of atomic energy. 

Actual regulation of the activities of private industry is the respon- 
sibility of the Division of Civilian Application which reports directly 
to the General Manager. The divisions of the Commission most 
directly affecting or concerned with the encouragement of peaceful 
uses are those involving information, research, licenses and regulations, 
and special nuclear materials, and are discussed below: 


18.2.1. INFORMATION 


Control of all classified atomic energy information rests with the 
Division of Classification. Declassification, downgrading, and all 
review are conducted under the direction of this Division by em- 
ployees of the Commission and its contractors at various installations 
throughout the country. A “classification guide” is provided for 
their assistance. A part-time Committee of Senior Reviewers, com- 
posed of six scientists, advises on classification policy. Until recently, 
no effective current liaison was maintained by the reviewers with 
divisions of the Commission or other executive agencies and depart- 
ments concerned with foreign developments. Responsibility for initi- 
ation and selection of documents for classification review rests with 
employees of the Commission’s field offices and contractors. The 
Division of Classification reports to an Assistant General Manager 
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whose other responsibilities include security, intelligence, information 
services, organization and personnel, and materials accountability. 

Dissemination of unclassified and declassified information is the 
responsibility of the Division of Information Services. The compila- 
tion of publishable technical information recently initiated (see 
ch. 11) is assigned to the Technical Information Branch of this 
Division. 

Classified information, on the other hand, is made available to 
authorized non-Commission individuals and organizations through 
the ‘“‘access permit’’ program administered by the Division of Civilian 
Application. Authorization is obtained for individuals only after ap- 
propriate security investigations which are under the control of the 
Division of Security. The actual information is located at various 
Commission facilities throughout the country (which are operated by 
university and industrial contractors to the Commission), as well as 
at the Commission’s field offices and headquarters. 


18.2.2. Researcu 

Researéh relevant to the peaceful uses of atomic energy is supported 
by the Commission both at its own contractor-operated facilities and 
on the outside in industrial and university laboratories. 

The Division of Biology and Medicine is responsible for research 
programs in the life sciences. The Division of Research is responsible 
for research in the physical sciences. The Division of Reactor Devel- 
opment is responsible for the planning and direction of all activities 
related to reactor development for peaceful and military applications. 
All three of these Divisions report to and are under the direction of 
the Assistant General Manager for Research and Industrial Develop- 
ment. 

The actual research is performed, however, at various laboratories 
and other facilities. The Brookhaven National Laboratory, where 
medical and agricultural research, power reactor development, and 
basic research are conducted along with other activities, is under the 
administrative supervision of the New York Operations Office and 
reports to the Division of Research. The Argonne National Labora- 
tory, a center for reactor development, physical and medical research 
as well as other research, is under the administrative direction of the 
Chicago Operations Office which reports to the Division of Reactor 
Development. The Oak Ridge National Laboratory operated by the 
Union Carbide Nuclear Co. is a center for radioisotope production, 
training of nuclear scientists and engineers, reactor development, and 
chemical processing research. This laboratory is under the adminis- 
trative jurisdiction of the Oak Ridge Operations Office which reports 
to the Division of Production. Other research activities are adminis- 
tered by various offices, some of which report to Divisions not other- 
wise involved in peaceful applications. In addition, many research 
activities are conducted at the laboratories by inter-divisional arrange- 
ments. For example, some research on controlled thermonuclear sys- 
tems is performed for the Division of Research by the Los Alamos 
Scientific Laboratory which is controlled by the Division of Military 
Application. 

The peaceful uses research programs of the Commission are inte- 
grated primarily through the device of budget formulation and fund 
control. The actual details of the programs are based for the most 
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part on proposals for projects submitted by the laboratories them- 
selves. The Commission receives overall research policy guidance 
from the statutory General Advisory Committee, composed of scien- 
tists and engineers appointed by the President. 

Non-Commission organizations seeking to have research performed 
in Commission laboratories with or without expense to themselves 
now deal directly with the field offices and laboratories. Reference to 
headquarters is reserved for special cases. On the other hand, appli- 
cations for grants of Commission research funds for work to be per- 
formed at non-Commission facilities must be submitted directly to the 
division having responsibiliy for the type of research proposed. For 
example, basic negotiations of Commission financial support of re- 
search in connection with privately-proposed power reactor ‘‘demon- 
strations’’ must be conducted with the Division of Reactor Develop- 
ment. 


18.2.3. LicENsES AND REGULATIONS 
The full authority for the promulgation of licensing procedures and 
regulations, and the issuance of licenses resides in the Division of 


Civilian Application. Enforcement of regulations is entrusted to the 
Division of Inspection. 
18.2.4. Spectan NucLeAR MATERIALS 

Special nuclear material—uranium 233, uranium 235 and _ plu- 
tonium—is owned exclusively by the Commission. (See ch. 15.) 
These are the fuels for prospective economically competitive atomic 
powerplants. Policies as to assignment of responsibility for allocations 
of such materials to licensees, prices to be charged for materials allo- 
cated, and prices to be paid for materials produced are in a state of 
transition within the Commission. The functions of the Division of 
Civilian Application with respect to pricing are being revised. Cur- 
rently, to procure these fuels, atomic powerplant operators are required 
to apply to the Division of Civilian Application, to which division is as- 
signed responsibility for developing requirements for, and authorizing 
distribution of special nuclear materials for licensed use. Actual dis- 
tribution of such materials is made by the Division of Production. 
The prices charged—both charges for interest on inventory and charges 
for materials consumed—are set’ by the Commission. The Division 
of Civilian Application currently bears responsibility for development 
of pricing schedules based on costs determined by the Commission 
Controller and on the factors required to be considered by the 1954 
act. Waivers of charges authorized by law appear to be part of pricing 
policy, responsibility for which is not yet clearly established. Assuring 
the preparation of pricing schedules for special nuclear materials pro- 
duced in licensed facilities is also now a function of the Division of 
Civilian Application. The Division of International Affairs is respon- 
sible for discharging or coordinating all Commission obligations related 
to the international commitments of the United States. (See ch. 9 
for further comments on this subject.) 


18.3. OBSERVATIONS ON COMMISSION ORGANIZATION 
Prior to the 1954 act, when all development of atomic energy was 

essentially a Commission monopoly, the organizational structure of 

the Commission permitted the expressions of free inquiry needed 
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to offset the narrowing influence of monopoly. This structure now 
appears to us, however, to be too complex and too time consum- 
ing to be consistent with the new environment which the 1954 act 
sought to provide the Nation. The present structure does not pro- 
vide the straightforward and effective mechanism such as is provided 
for military applications for defining the integrated objectives of 
Commission programs: (1) for peac ‘eful uses research; (2) for develop- 
ing precise requirements with definite time schedules for accomplish- 
ment, or (3) for assuring expeditious execution of the necessary pro- 
grams and projects. We appreciate the enormous problems of 
transition with which the Commission and its employees are con- 
fronted. There is a positive approach in many parts of the Commis- 
sion organization toward solving these problems within the existing 
structure. The success of these efforts will not be measured in 
intentions alone, however, but in overall understanding of these 
problems and in establishment of a focal point of responsibility for 
pressing forward with exploration of peaceful uses. 

We have noted in chapter 9 the great importance which attaches to 
the international aspects of the peaceful uses. There is inadequate 
provision in the Commission’s organization for defining and pressing 
forward with developments so essential for the maintenance of our 
technical leadership on the international scene. We attribute the 
absence of any technical program specifically related to foreign 
needs to this gap. 


18.4. EXECUTIVE BRANCH ORGANIZATION FOR PEACE- 
FUL USES OF ATOMIC ENERGY 

In the course of our study we have found it necessary to seek in- 
formation, advice, and assistance from most departments and agencies 
of the executive branch of the Federal Government. In most cases, 
interest in the impact of peaceful uses of atomic energy on their func- 
tions was evident. Though the data which we requested frequently 
did not exist in prepared form, the task of providing the information 
requested was undertaken willingly because it afforded an opportun- 
ity—in some cases the first such opportunity—for expressions of 
functional interests. 

If peaceful uses of atomic energy are integrated into the total fabric 
of our Nation—a prerequisite to the achievement of maximum bene- 
fits—The Federal departments and agencies must now begin to 
organize their own related activities. In addition, there must be 
mechanisms for coordinating governmentwide domestic and interna- 
tional programs. For some years to come, the Commission will be 
obliged to stimulate these activities, to render research service, and 
to serve as technical adviser to assure early competence without in- 
truding on the responsibilities which properly belong to others. 


18.5. THE ROLE OF CONGRESS 


We have noted at many points in our report instances in which the 
1954 act provides less than clear guidance to the executive branch. 
Problems involving financial assistance to private industry, availa- 
bility of information, and activities of American businessmen abroad 
are examples of areas in which the burden is placed on the Commission 
to ascertain the specific intent of public policy. In many cases, it 
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seems to us that the Commission is certain to be faced with criticisms 
no matter how it acts, or even if it fails to act. 

The transition prescribed in the 1954 act will probably take years, 
not months, to accomplish. It can be speeded if the required adjust- 
ments and clarifications in law are recognized and made promptly 
within the basic concept of separation of powers of the executive and 
legislative branches. Recognition depends, nevertheless, upon sym- 
pathetic consultation as well as continuous critical but constructive 
evaluation. Obviously, if this is to be accomplished, the Commission 
and other agencies and departments of the executive branch must 
assure that the appropriate committees of the Congress are fully 
informed not only of their decisions and actions relating to peaceful 
uses of atomic energy, but of their problems as well. 

There are committees of the Congress which must obviously be 
concerned with various aspects of peaceful uses of atomic energy. 
Other committees equally clearly have very serious responsibilities 
with regard to military applications. It will continue to be the Joint 
Committee on Atomic Energy, however, on which the Congress must 
rely for the establishment of balance and development of integrated 
legislative expressions of policy on both peaceful and military uses of 
atomic energy at home and abroad. 


18.6. CONCLUSIONS AND RECOMMENDATIONS 


The peaceful uses of atomic energy affect the functions of almost 
every department and agency of the executive branch and all of the 
corresponding committees of the Congress. Organization of both 
branches of our Government must be directed toward acceptance of 
the fact that the era of atomic centralization in the Government in 
general and the Commission in particular ended with the decision to 
press forward with peaceful uses. 

There is no actual focal point in the Commission for the integration 
of policies and programs related to peaceful uses comparable to the 
focus and impetus provided for military applications. Yet the urgency 
for exploration of both is rapidly approaching equality as a matter 
of national policy. 

In the transition from primarily military orientation to dual empha- 
sis, the speed with which the Congress recognizes problems and adjusts 
legislative policy will be of great importance in determining the rate 
and continuity of progress. The need for a mutuality of understand- 
ing between the Joint Committee on Atomic Energy and the Atomic 
Energy Commission and for leadership on the part of both to a 
common end is of greater importance today than ever before. 

We rycen recommend : 

that the Commission provide a real focal point within its 
Botts esi at which are concentrated authority and respon- 
sibility for defining the integrated objectives for research and 
development of the peaceful uses of atomic energy, both at home 
and abroad, for establishing definite requirements ‘with time scales 
for acc omplishment of these objectives, and for assuring expedi- 
tious execution of the necessary programs and projects; 

2. that other departments and agencies of the executive branch 
be encouraged to develop their own organizations for dealing 
with their functional interests in peaceful uses of atomic energy, 
drawing upon the Commission for advice and services rather 
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than leaning on the Commission or delegating their functions to 
it; 

3. that the Joint Committee on Atomic Energy continue to 
serve the Congress as a mechanism for balancing the interests 
of the Nation in both peaceful and military atomic pursuits and 
for providing the Congress and the Nation, through hearings, 
reports, and by other means, with a constantly expanding but 
realistic understanding of the import of peaceful uses of atomic 
energy to the American way of life, economy, industry, employ- 
ment, and natural resources, and to our international leadership; 
and 

4. that the Joint Committee on Atomic Energy recognize 
deficiencies in law, act expeditiously to make appropriate adjust- 
ments and clarification in law, and provide the Commission, and 
other agencies and depar tments of the executive branch concerned 
with peaceful uses of atomic energy, with opportunity for 
sympathetic consultation, as well as conducting continuous 
critical but constructive evaluations. 
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BACKGROUND MATERIAL FOR CHAPTER 2 
SUMMARY OF POWER SEMINAR 


Ocroser 31—-NovEMBER 1, 1955 


Participants: 


Roger Coe, discussion leader, vice president, New England Elec- 
tric Co., Boston, Mass. 

Harold W. Eaton, manager, Morgan County R. E. M. C., Mar- 
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George M. Gadsby, chairman, Utah Power & Light Co., Salt 
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Wilbur Jurden, chief engineer, Anaconda Copper Co., New 
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Francis McCune, vice president and general manager, Atomic 
Products Division, General Electric Co., Schenectady, N. Y. 

John Menke, president, Nuclear Development Corp. of America, 
White Plains, N. Y. 
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Kenneth A. Spencer, president, Pittsburg & Midway Coal 
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Eugene Starr, chief engineer, Bonneville Power Authority, 
Portland, Oreg. 
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Francisco, Calif. 

Charles F. MacGowan, international representative, Interna- 
tional Brotherhood of Boilermakers, Kansas City, Mo. 

Also present as technical advisers: 

Robert Charpie, assistant directer, Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn. 

Titus LeClair, vice president, Commonwealth Edison Company 
of Chicago, Chicago, I]. 


The meeting opened with a general discussion of two of the basic 
papers that had been forwarded to the seminar members. The first 
puper was on the growth forecast of electric-generating capacity, both 
conventional and nuclear, which was prepared under the supervision 
of a group assembled to prepare statistics on October 12; and the other 
an estimate of the effect of the coming of nuclear power on the coal, 
oil, and gas industries, prepared by the Department of the Interior. 

In connection with the first paper, the one having to do with the 
growth of electric-generating capacity, it was noted that for the 
period from the present time to 1980, a curve slightly below the Elec- 
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trical World forecast which extends to 1970 had been used with 61, 
percent annual growth compounded throughout, the period. It was 
further pointed out that this was nearly as high as the optimistic 
Edison Electrical Institute estimate and considerably higher than 
the pessimistic EEI figure. Several seminar members remarked that 
all past estimates for the electric industry had been on the low side 
and that the FPC forecast, in particular, had been greatly lower than 
the growth experienced. Several comments were made to the effect 
that the projected load growth over the 20-year period would very 
possibly turn out to be less than would occur. A word of caution was 
expressed in that no one knows at what point on the S-curve of growth 
the electric utility industry now stands. Depending on the assump- 
tions made on this question, estimates for the future could be either 
higher or lower than the ones established for the use of this seminar. 

A discussion took place concerning the use to which a growth fore- 
cast covering a relatively long span of years is put. Such forecasts can 
be used: (1) To determine current policies which may be reviewed 
from time to time and revised in the light of conditions then existing 
without penalty, and (2) to determine long-term policies, such as leg- 
islative, which may not be readily changed without great loss if 
predictions are not fulfilled. In the second case there is a grave dan- 
ger in basing actions on such projections. 


SUMMARY STATEMENTS BY SEMINAR MEMBERS AND DISCUSSION 


Equipment manufacture 


In general, it was felt that there will be intense competition between 
new and old, and large and small companies engaged in the manufac- 
ture of nuclear-powerplant equipment. The civilian nuclear electric- 
generating program seems to offer a greater dollar volume of business 
for the long-term future than the purely military program for aircraft 
and naval propulsion. It was pointed out that the volume of military 
propulsion business will be dependent on national policy and congres- 
sional appropriations. 

As to the foreign market for nuclear plants, it was felt that in the 
years immediately ahead there would no doubt be considerable foreign 
business generated, but that with the urge for each country to de- 
velop its own nuclear skills and facilities, this business would taper 
off over the long term. 

One speaker noted that there is already a tendency for organizations 
in the nuclear-equipment business to integrate in the sense that a 
single company assumes responsibilities for a greater portion of a 
complete plant than heretofore. Many companies are planning to go 
into this business, but not all of them will actually do so. it was 
noted that three early entrants in the power-reactor manufacturing 
field had elected to withdraw. 

One important point, the conferees felt, was that an immediate 
finding of practical value based on technical feasibility rather than 
economic considerations as now required by law would have a most 
desirable effect on the growth of nuclear power. 


Power generation 


_ The conferees next discussed the future of small, medium, and large 
sized electric generating systems. In response to a question as to any 
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possible changes in the patern or number of small or medium-size cen- 
tral power stations, if nuclear power becomes feasible, there seemed to 
be general agreement that small nuclear plants would probably not be 
any more of a factor in utility operations than small conventional 
plants now are. It was noted that practically all of the more populous 
areas of the country are well integrated and interconnected and for 
this reason alone the trend toward large economical central stations 
at favorable locations would, in the case of nuclear plants, continue as 
it has in the past for conventional plants. 

The degree of interconnection in the United States, especially in the 
highly industrialized area east of the Mississippi, was emphasized. No 
specialized roles are foreseen for nuclear power, with the possible ex- 
ception of pumped storage installations if nuclear fuel costs approach 
zero. Slightly higher load factors over their useful life are foreseen 
for nuclear plants. Nuclear plants will not differ very greatly from 
conventional fueled plants except in the characteristics of individual 
components. Freedom from the problem of transporting large quan- 
tities of fuels will not greatly alter the choice of plant sites since there 
are many other factors which must be evaluated. It is not anticipated 
that the coming of nuclear power will result in significant changes in 
load growth patterns since, in general, the cost of power is not the 
major factor in locating industrial plants. 

One further thought was expressed concerning the possibility of 
small nuclear plants. It was stated that such plants for specific load 
areas would have to compete in final power cost with large nuclear or 
conventional plants plus the cost of transmission; and the answer, no 
doubt, would be that the large plant in an integrated system would 
win out. 

Conventional fuels 

It was agreed that the emergence of nuclear energy as a source of 
power will have no disruptive effect on the continued use of conven- 
tional fuel. In fact, it is anticipated that growing power demands 
will require sizable increases rather than decreases in production of 
coal, oil, and natural gas. 

As regards future availability of conventional fuels, it was generally 
felt that ample reserves existed and that improved methods of recov- 
ery, preparation, and processing would assure adequate supplies at 
reasonable cost for the period under consideration. Several members 
commented that present estimates of conventional fuel consumption 
over the next 20 or 25 years are too low, if anything, and that the 
development of nuclear power will have little or no effect on the up- 
ward trend of consumption of these fuels. 

The consensus was that nuclear power should not be approached as 
an isolated problem but rather as part of an integrated program of 
development so as to assure the most efficient utilization of all our 
natural resources to meet future needs. In this context, nuclear energy 
will be a welcome partner to conventional fuels in meeting the growing 
demand for power. 


Industry location 


The possible effects of nuclear power in determining the location of 
large power-consuming industries were explored. One member in 
describing a foreign installation where fuel and power costs are high 
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stated that nuclear power would appear offhand to be desirable for 
this particular situation, but that on close inspection it developed that 
no one could accurately estimate either the capital or the operating 
costs of a nuclear plant and for this reason, base-load power would 
continue to be made from conventional fuels; but that at the same 
time a small nuclear plant would be built on an experimental basis. 

Cheap nuclear power is not expected to have any effect in determin- 
ing the location of mining operations since obviously mines must be 
located where the minerals are. Fabricating plants usually are 
located according to other considerations, such as labor supply, trans- 
portation, and so forth rather than from the power costs standpoint. 

In metal reduction, particularly aluminum pot lines, large amounts 
of power are used and the power supply must be firm regardless of the 
type of fuel used. Nuclear plants would need to establish both low 
costs and high dependability for this purpose. 

One weetibhe application for nuclear power was mentioned in con- 
nection with production of aluminum from domestic clays. The 
biggest use of energy in this case is the drying of the raw material for 
further processing. It-might well be that nuclear heat could perform 
this operation at some time in the foreseeable future. 

There was general discussion of the possible freedom in locating 
nuclear powerplants without regard to transportation facilities. It 
was mentioned in this connection that a supply of water for condensing 
would be necessary in nuclear plants as well as in conventional with 
the difference, however, that if nuclear fuel costs were sufficiently low, 
it would not be necessary to operate nuclear plants with the high 
vacuum now found necessary with conventional plants and high fuel 
costs. This factor might make it possible to locate nuclear plants 
nearer to the load centers in spite of limited water supply. 
Transportation 

It was generally thought that the country can look forward to an 
evolutionary rather than a revolutionary process as regards both the 
railroads and the coal industry as a result of the coming of nuclear 
power. It was felt that all sources of energy now svadlatle plus new 
ones will be vitally necessary in the years to come. Coal will remain 
a major fuel in any case. While one-fourth of railroad ton-miles 
are accounted for by coal at the present time, no sudden or disastrous 
effect on railroad traffic is seen through the gradually increasing use 
of nuclear fuels. In this connection it was mentioned that gasification 
of coal at the mines would have an effect on railroad traffic, but there 
would, no doubt, be counterbalancing effects in the opening of new 
areas for industrial development through the use of gasified fuel. 
The railroads would not suffer from an orderly development of 
nuclear power based on economic merit rather than an artificial 
growth through Government subsidy. In any event the Seminar 
felt that it is most desirable that an orderly development of all energy 
resources be accomplished and that equal bcm: and development 
effort be applied along all possible avenues and forms. 


Labor 

In regard to labor aspects of nuclear power development, it was felt 
that some changes in the character and extent of skills would be re- 
quired in individuals employed in production of equipment for atomic 
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powerplants. Thus, the firebox and boiler of today’s thermal power- 
plants will be replaced in atomic plaats by the reactor or reactor- 
boiler combination which will require different or improved techniques 
for construction. There will also be shifts in standards or values. For 
example, the standard for leakage in boilers used to be determined by 
the number of drops leaked per minute or the pressure drop over & 
given period of time. This may be compared to a recent stipulation 
with regard to tightness in atomic energy work which calls for — 
missible leakage tolerance of 1 drop in 5 years. Trades most likely 
to be affected by these new requirements are boilermakers, firemen and 
oilers, iron workers and pipefitters. va om 

As nuclear power technology progresses, it is anticipated that there 
will be increased demand for improved training and retraining pro- 
grams. Severe shortages of trained manpower do and probably will 
exist in certain fields. For example, apprentice graduation in 1 
large metalworking trade is currently at the rate of 40,000 to 50,000 
per year and it is estimated that approximately double this number 
will be needed. For the short term, it will be necessary to utilize pres- 
ent trained manpower, upgrading their skills as quickly as possible. 
For the longer term an adequate apprenticeship training program will 
be necessary to convert untrained men into competent workmen. It 
was noted in this connection that there is a 4-year lag between the time 
a “recruit” enters apprenticeship training and the time he graduates. 

With regard to possible hazards involved in working in nuclear 
powerplants, it was felt that worker acceptance was no real problem. 
It was pointed out that other fields involving hazardous work, such as 
erecting structural steel, do not lack an adequate labor force because of 
the hazards alone. A reasonable explanation to the individual of how 
segments of the power economy, it was the feeling of the seminar that 
levels consistent with the hazards involved, are considered an adequate 
inducement. 

In general, it was felt that the development of nuclear power will 
have an effect on labor initially only in narrow areas. These areas 
will grow broader as technology progresses. Thus, the initial impact 
will be felt chiefly by a relatively few persons, with more persons be- 
coming involved as the impact grows broader. 

It was noted that there may be some unemployment due to techno- 
logical change, but few skilled craftsmen will be affected. Those most 
affected will probably be semiskilled and unskilled workmen. There 
will also probably be shortages in some skills and oversupply in others. 
But these will be local and sporadic problems which must be dealt with 
individually. The impact on labor as a whole is expected to come 
about gradually and severe dislocations are not anticipated for the 
near term. 


DETAILED DISCUSSION 


Equipment manufacturing 

In a discussion of equipment manufacturing as related to nuclear 
powerplants, it was generally agreed that there would no doubt be a 
tendency to concentrate the responsibility for supplying nuclear power 
systems in the hands of relatively few manufacturers. This would 
come about largely because of the specialized facilities, high manufac- 
turing plant investment, and engineering skills required. In the near 
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term future it was felt that there might temporarily be intense com- 
petition in supplying components and accessories, except in the case of 
items requiring highly specialized capabilities. ‘There was, however, a 
feeling that companies which might be termed “marginal suppliers” 
and are now “making noises” about getting into the business are not 
really competitors in that over a period of time they would abandon 
the field. A comment was made that in considering this phase of 
nuclear power activity there is a tendency to think in terms of only the 
reactor plant itself. The field is considerably broader than this and 
will ultimately involve many additional activities aside from the 
manufacture of plant equipment itself such as fuel elements, control 
systems, pumps and valves and the furnishing of services such as fuel 
reprocessing and the like. 

As to whether companies not trained in the atomic energy field as a 
result of Government contracts are at a disadvantage in establishing a 
position in the nuclear field, it was felt that such companies are in fact 
at a disadvantage, but that inequities could be corrected by further 
declassification of technology and more general availability of infor- 
mation. On the other hand, a present tendency to favor newcomers in 
the placing of Government contracts in order to encourage entrance of 
more firms into the nuclear field was noted. It was said that this, in 
turn, works a hardship on companies who have devoted much previous 
effort to Government work at little profit. Although these companies 
have received benefits from the Government, they have contributed 
substantially to the Government’s store of information and the present 
state of the art. 


FOREIGN VERSUS DOMESTIC MARKETS FOR EQUIPMENT 


It was the opinion of the seminar that the foreign market for 
nuclear plants would be in sizes below 100,000 kilowatts and prob- 
ably in the range of 2,500 to 20,000 kilowatts. If such a market 
develops in plants of this size, many manufacturers would be brought 
into competition, particularly if the volume and financing arrange- 
ments with foreign buyers were such that profit margins would be 
attractive to equipment manufacturers. 

These remarks as to the size of reactors required for the foreign 
market apply initially, but there was agreement that over the long 
term nuclear plants for foreign installations would tend toward larger 
sizes as economic development and system integration progressed. 

Should an initial foreign market for small units materialize in 
volume, units developed for this market might also be used to equip 
small plants for domestic utility systems or industrial uses. While 
it was recognized that small plants competitive in high fuel cost for- 
eign situations might not necessarily be economic in the domestic 
scene, there should always remain areas and situations in this country 
where the installation of small plants of any kind—conventional or 
nuclear—will be attractive. 

A comment was made that the foreign market would probably 
develop around reactors using natural uranium as the ultimate feed 
material in order that these plants, and later plants, would not be 
forever dependent on the United States gaseous diffusion plants. 
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It was pointed out that in the foreign market the cost of nuclear 
power should not necessarily be compared with the cost of power pro- 
duced from coal, but that comparisons should also be made with the 
price of power produced from residual oil which might be low in cost 
relative to coal. Increments of new foreign power will be based upon 
the lowest-cost fuel, not necessarily coal. 


CHANGES IN INDUSTRIAL LOCATION PATTERN 


In comparing the significance of freight rates on raw materials 
and end products with the cost of transportation of conventional fuels 
as factors in industrial plant location, it was noted that most indus- 
trial concerns are customers of utility systems and accordingly do 
not themselves cope with this problem directly. It is the utility 
system that is concerned with the cost of transporting fuel and this 
is a factor in locating a utility generating plant. Industries pay for 
fuel in their power rates. These rates also include capital charges, 
operation, and maintenance expenses, and the cost of transmission 
of the electric energy to the power user. Thus, those charged with 
choosing industrial plant sites are usually more concerned with labor 
markets and freight rates on raw materials and end products, than 
with charges for fuel transport contained in electric rates. 


Research 


In discussing the effect of rapidly increasing research expenditures 
in the field of atomic power, one member foresaw no reduction in ex- 
penditures on research on other means of power generation. Con- 
sidering utility systems, conventional fuel suppliers and other 
segments of the power economy, it was the feeling of the seminar that 
as nuclear power becomes more competitive, research effort concerning 
the use of conventional fuels in power generation is likely to be 
increased. 

In the area of applied research aimed at developing economically 
competitive atomic power, the consensus of the group was that the 
eventual goal for Government-supported research should be akin to 
the Government’s present policy on research in oil and coal; namely, 
a small fraction of the total research within the industry. Because 
of the unusual history of atomic energy, however, it was also con- 
sidered that changes from the present pattern of effort should be 
gradual and not precipitate. The small fraction of research which 
in the long run would remain in Government laboratories should em- 
phasize the frontiers and the very speculative areas of research. Some 
tendency in this direction is now evident. 

Industry should assume the major responsibility in research at the 
earliest possible date and Government effort should taper off. The 
only policy that seems workable now is to begin to establish a trend 
_ of reduced Government effort in the field and to reexamine the question 
periodically. 


Public education 


The seminar felt that public acceptance of atomic energy as a source 
of power depends to a large extent on public education. Education of 
the public could be greatly facilitated by really broad declassification 
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of all technology bearing on civilian atomic power. Once this is ac- 
complished all organizations active in the field, including industrial 
concerns, labor unions, trade associations, and the like should make 
a concerted effort to bring all pertinent facts to the public. Educa- 
tional institutions from the college level down to the higher elemen- 
tary-school grades were thought to be promising avenues for public 
education. News mediums have an important role. Organizations 
such as the Atomic Industrial Forum, some labor unions, and certain 
industrial organizations have made a start in this direction, but much 
more could be done. Organizations sponsoring nuclear-power proj- 
ects have an obligation to the communities in which their plants will 
be located in seeing to it that the public is completely informed of their 
prospective activities. 


A Forecast or THE GrowTH oF NuctearR FuELep ELEeocrric 
GENERATING CAPABILITY 


November 23, 1955 
INTRODUCTION 


(a) Purpose and review by panel 

This report gives a forecast of the growth of nuclear fueled electric 
generating capability in the United States to 1980. It has been pre- 
pared at the request of the panel on the Impact of the Peaceful Uses 
of Atomic Energy. This issue has been revised at the request of the 
panel in order to reflect, to the maximum extent practicable, the com- 
bined judgment of a significant number of experienced individuals 
and groups who have reviewed and commented on the forecast through 
a series of meetings arranged by the panel. 

The first meeting was held on October 12, 1955. The conferees 
included representatives of AEC; ORNL, Babcock & Wilcox,’ New 
England electric systems, Westinghouse,’ and General Electric.® At 
this meeting the basic analysis originally prepared by General Elec- 
tric was adopted and critical assumptions were reviewed and modified. 

The resulting report, together with others, was considered by the 
power seminar on eteker 31 to November 1, 1955. 

Following this, the staff of the panel arranged a meeting on Novem- 
ber 8, 1955, to consider further refinements of the analysis. This was 
attended by representatives of the Federal Power Commission,’ the 
United States Department of the Interior, and General Electric.* 
At that time, new data in the form of references 3 and 4 were pre- 
sented as being the latest available information for the preparation 


1W. Kenneth Davis, Director, Division of Reactor Development, AEC. 

2James A. Lane, Director, Reactor Experimental Engineering Division, Oak Ridge 
National Laboratory. 

John Landis, assistant manager, atomic energy division, Babcock & Wilcox. 

* Roger Coe, vice president, New England Electric Co. 

5W. Dee Shepherd, sales manager, commercial atomic power, Westinghouse; W. B. 
Stewart, Westinghouse. 

¢B. R. Prentice, manager, nuclear systems design study, General Electric. 

7™N. C. Nelson, Bureau of Power, Federal Power Commission; H. BE. Roberts, Bureau of 
Power, Federal Power Commission. 
: +5. G. Lasky, U. S. Department of the Interior; A. Vieregg, U. S. Department of the 
nterior. 

°C. G. Adams, A. G. Mellor, W. W. Gartman, General Blectric Co., Schenectady, N. Y. 
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of fuel cost estimates and distribution of generation as represented 
in figure 4. The data as incorporated in these two references have 
been used in the following analysis and as the source of information 
for the series II capability forecast, shown on figures 8 and 9. 

An essential factor in the analysis is the projected growth of 
electric generating capacity of all kinds to supply the anticipated 
load demands of the country. Due to the wide divergence of avail- 
able forecasts, the choice of this basic factor inevitably provokes 
considerable discussion. This particular aspect is included in the 
report in the following oy 

From the several available forecasts of total generating capability, 
two have been selected for presentation and the results from each have 
been computed as series I and series II in part V of the report. 

Series I is based on the September 19, 1955, forecast of the Blectrical 
World 1955-70 extended at 614 percent increase annually to 1980. 
At 1980 this forecasts 600 million kilowatts of installed capability. 
This forecast was adopted by the October 12 conferees as their best 
judgment. 

Series II is based on the Federal Power Commission Estimate of 
Future Power Requirements of the United States, 1954-80, released 
in October 1955. With additions for reserves this projects 358 million 
kilowatts of capacity required by 1980. The difference is substantial. 

The presentation in this report of nuclear power forecasts based on 
both the Electrical World and FPC estimates of total power require- 
ments, therefore, gives a wide bracket to be considered by the reader. 


(b) Method 

In order to avoid simply a mechanization of a “crystal ball” esti- 
mate, the analysis is carried with a wide bracket of estimates up to 
the point where the effect of various forces can be appreciated. The 
necessary large factor of judgment is then applied to arrive at a single 
forecast with a view to the trends resulting from the factors analyzed. 

Part I contains both optimistic and pessimistic forecasts of nuclear 
plant costs and nuclear fuel costs. The bracket is large enough to be 
reasonably certain of including the actual results. 

Part II forecasts the trend of thermal generating plant performance, 
costs, and conventional fuel costs. It is reasonable here to use a single 
estimate rather than a bracket. 

Part III establishes the financial and load-factor bases for comparing 
thermal plant and nuclear plant performances. 

In part IV the optimistic and pessimistic estimates of nuclear plant 
construction as a fraction of the total market are computed from pre- 
vious data. Here judgment is used to arrive at one forecast. 

Part V shows the effect of this forecast in relation to annual new- 
plant construction and total installed generating capacity based upon 
series I and series II forecasts. 


(c) General assumptions 

All estimates are in terms of 1955 dollars. 

The growth of hydroelectric generating capacity is assumed unaf- 
fected by nuclear plants. 

The primary competition offered by nuclear plants is for the gen- 
erating requirements which would otherwise S supplied by large 
thermal plants. Of course, there may be a market for smaller nuclear 
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generating units. But, for simplicity, all comparative figures are for 
thermal versus nuclear plants with generating units 100,000 kilowatts 
or larger. 
The useful life of nuclear plants is assumed equal to conventional 
steam plants—30 years to investment retirement—3s0 years as required 
capacity to supply system peak load—indefinite continued life as 
reserve capacity. In the authors’ opinions, there is no reason to expect 
more rapid retirement of nuclear plants than for conventional steam 
plants, a to obsolescence caused by rapid improvement in the econ- 
omy of nuclear plants. The nature of electric utility system needs is 
such that additions are made to meet load growth, not to replace older, 
less efficient equipment. The less efficient plants simply start operat- 
ing at lower load factor, but are required for the total needs of the 
system. Historically older conventional plants earn on their invest- 
ment and fulfill a necessary generating function throughout their 
normal life. In the future older nuclear plants will do the same. 


I. FORECAST OF NUCLEAR PLANT AND FUEL COSTS 


(a) Nuclear plant costs 


Figure 1 shows optimistic and pessimistic estimates of total nuclear 
generating plant investment in dollars per net electrical kilowatt 
output. These compare with current conventional thermal plant costs 
of about $140 per kilowatt—an average of the lowest cost, high-per- 
formance plants in various regions. 

The pessimistic estimate starts at $240 per kilowatt for a plant in 
service in 1960, decreasing to $165 per kilowatt by 1980. The opti- 
mistic curve starts at $200 per kilowatt, decreasing to $145 per kilo- 
watt by 1980, which about equals the assumed conventional thermal 
plant costs. 

Contracts and/or negotiation for construction of the first large pri- 
vately financed nuclear fueled electric-generating plants were made 
ae the status of which at November 1, 1955, is summarized as 
follows: 


TABLE I 


Kilowatt | -stima- Kilowatt | Estima- 


iin aa ted com- Testiees : ted com- 
Utility capa- pletion Utility eee pletion 
bility a bility | “date 


(1) Under contract: (2) Under negotiation—Con. 
Duquesne t 1957 |} Consumers Public Power 
Commonwealth Edison-- , 1960 || Distribution............ 75, 000 
Consolidated Edison ’ 1960 Atomic Power Develop- 
(2) Under negotiation: ment Associates 
Pennsylvania Power & 
1960 || (3) Total 


1960 





1Assumed In study stages only 
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ESTIMATED NUCLEAR PLANT CAPITAL COST 
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The figure of 800,000 kilowatts nuclear fueled electric generating 
capability installed in 1960 as shown above is used as the starting 
point for installed nuclear capability of figure 11 and related com- 
putations in this report. 

On one of the above plants, the price was $45 million for 180,000 
kilowatts, a price of $250 per kilowatt. This price included escalation 
to 1960, so in terms of 1955 dollars this first check point would fall 
just within the bracket of forecasted nuclear plant costs, figure 1. 
This is an indication that the bracket estimated will probably en- 
compass future results. 

1. Comments on magnitude.—No large nuclear plant construction 
experience is available as an anchor for these estimates. However: 

(a) A significant fraction of the cost of a nuclear plant is in 
standard equipment which can be estimated accurately. 
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(b) Design concepts have been well developed. 

(c) Large plutonium production reactor construction and 
operating experience is available. me 

The bracket estimated is believed to be realistic. 

2. Comments on slope.—Some of the engineering advances which 
could result in such cost reductions over a period of 20 years include 
the following: 

(a) Higher steam pressures and temperatures should result 
in some reduction in plant cost until they approach today’s 
thermal] plant levels where further increases tend to increase plant 
cost. 

(6) Substantial reductions in materials costs can be expected, 
both from progress in producing such new metals as zirconium 
and shifts to cheaper materials such as learning to use ordinary 
steel in place of stainless. 

(c) The safety record of the industry may well result in dis- 
carding the expensive pressure envelopes currently used to prevent 
the accidental dispersion of radioactive materials. 

(dz) The introduction of new types of reactors with improved 
fuel economies is likely. 


(6) Forecast of nuclear fuel costs 


Figure 2 shows the pessimistic and optimistic estimates of nuclear 
fuel costs in mills per kilowatt-hour delivered at the generating 
station. Fuel cost is defined as all costs which would normally be 
classified by operating electric utilities as chargeable to fuel in a 
conventional plant. Such items as fuel processing before delivery to 
the plant, transportation, storage, handling, fuel-reprocessing charges 
or credits, and interest charges on inventory are, therefore, included. 
In event close coupled fuel reprocessing facilities are required, such 
as might be used for breeder reactor fuel cycles, both fixed and oper- 
ating costs for these functions would be chargeable to fuel cost under 
this definition. 

The pessimistic estimate starts at 4 mills per kilowatt-hour decreas- 
ing in 20 years to 1144. The optimistic estimate starts at 3 decreasing 
to 1. Reviewed in the light of present knowledge, the consensus of 
the conferees (see footnotes, p. 8) was that nuclear fuel cost would 
probably reach about 2 mills per kilowatt-hour by 1965, decreasing 
to 11% by 1980. This current consensus of expert opinion falls well 
within the bracket used in this report. 

These figures compare with the lowest current conventional fuel 
costs in high performance plants of about 3.3 mills per kilowatt-hour 
in New York, 2.7 in Chicago, and 1 in Dallas. 

Comments.—The importance of nuclear fuel costs can hardly be 
overemphasized. As presently conceived, there will be no large-scale 
commercial atomic-electric power unless, or until, the cost of nuclear 
fuel is below the cost of conventional fuels. Therefore, it is im- 
peers to note that current estimates are necessarily based upon 

aboratory experience and fuel design concepts—not on full-scale 
measurement of fuel cost. Such results can only be obtained from full- 
scale plant operation through a complete fuel burnup cycle. In some 
cases this is 3 years operation at base load. The first Government 
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ESTIMATED NUCLEAR FUEL COST AND 
OPERATION & MAINTENANCE COST 
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sponsored full-scale plant in which fuel performance can be tested is 
not scheduled to start operating until 1957 and the first large privately 
sponsored plants are not scheduled to start operating until 1959 or 
1960. Therefore, it wil be many years before actual experience gives 
this important answer. 

The fact that privately financed contracts for full-scale plants have 
been let is ample evidence of the deeply held belief of experienced 
manufacturers that such fuel cost objectives as shown in figure 2 will, 
in fact, be achieved. 
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(c) Operation and maintenance expense 
Nuclear plant operation and maintenance expense is estimated on |) 

figure 2 at 1.1 mills per kilowatt-hour in 1960 declining to 0.8 mills per [7 
kilowatt-hour by 1980. This estimate is computed at a plant load 
factor of 0.50. The reason is given in part lit This operation and 
maintenance expense is 50 percent higher than that used in the esti- | 
mates for conventional thermal plants. In reference 5 the opinion | 
is expressed that the operation and maintenance expense for nuclear |) 
plants will not be any higher than those for conventional plants. This [ 
may become true when the operation of multi-unit plants is under- [ 
taken. To be on the conservative side, only single-unit plants have been 7 
considered in this report. As long as the current design concept of a [| 

ressure envelope for containment persists, it is likely that plants with 
arge-unit sizes will be built and operated single-unit rather than 
multi-unit. When sufficient experience has been accumulated, there 
will no doubt result a substantial cost reduction in the operation and 
maintenance expense involved per kilowatt-hour of output, and it 
perhaps could become even less than for a conventional plant. 


Il. FORECAST OF THERMAL PLANT AND FUEL COSTS 
This part establishes the competition which nuclear plants must out- 
perform to be economically justified. 
(a) Plant investment 
An average plant cost of today’s lowest cost high-performance large 


steam-electric generating plants is approximately $140 per kilowatt. || 
In the future higher steam temperatures and pressures will be used to 
obtain improved thermal efficiency but these by themselves tend to | 
increase plant cost. However, improvements in plant design tend to | 
offset the rise due to higher performance equipment. It is estimated | 
that conventional St costs will remain constant at $140 per kilowatt 7 


(1955 dollars). Historically the cost per kilowatt (correcting for | 
inflation) has been reduced over the years even though there have been | 
large increases in steam temperatures and pressures. But it is be- 
lieved that the major benefits of cost reduction through simplified plant 
design have been exploited and that future improvements will about 
offset the increased cost of equipment. 


(6) Plant heat rate or thermal efficiency 


Figure 3 shows the forecast of conventional steam-plant perform- 
ance. This shows the fuel input in B. t. u.’s required to obtain a net 
kilowatt-hour output from the plant. The best new plant perform- 
ances as of 1960 are estimated at 8,600 B. t. u.’s per kilowatt-hour im- 
proving to 7,500 B. t. u.’s per kilowatt-hour by 1980. The correspond- [7 
ing overall plant thermal efficiencies are 40 percent in 1960 and 46 per- | 
cent in 1980. It is believed that such improved performances can be [7 
obtained through gains in the straight steam cycle through the use of [ 
higher pressures and temperatures. The forecast does not include 
the possibility of combination gas turbine and steam turbine cycles ff 
which may quite possibly result in even larger gains in efficiencies. ff 
However, such possible gains cannot be accurately forecast without | 
a comparable forecast for the cost of the plants using such combina- ff 
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tion cycles. In event such combination cycles do come into wide- 
spread use, these would tend to diminish the rate of growth of nuclear 
fueled plants. 
(c) Operation and maintenance ewpense 

This is estimated at 0.8 mill per kilowatt-hour at 50-percent load 
factor in 1960 and 0.54 in 1980 (0.8 mill per kilowatt-hour at 50- 
percent load factor corresponds to 0.5 mill kilowatt-hour at 
80-percent load factor). This corresponds to values attained in large 
multi-unit plants. 
70101—56—vol. 23 
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(d) Conventional fuel costs 

Transportation charges for nuclear fuel are small, so that geographi- 
cal distribution of generation becomes relatively unimportant. How- 
ever, transportation may be a major factor in fuel costs, for areas in 
which conventional generating capacity is located. 

In figure 4, the estimated percentage of new generation located in 
fuel-cost areas above the inilicated fuel cost is shown. It is to be 
noted that this is not percentage of installed capacity but of new 
generating capacity additions, for which nuclear generation could be 
sealineet To arrive at the values in these curves the percentage 
increases in generation have been allocated to each Federal Power 
Commission geographic region in accordance with FPC October 1955 
allocation, reference 3. Reference 4, also by FPC, has been used as the 
basis for the fuel costs for the curve labeled 1954. These costs were 
also used as a point of departure for the estimates of future fuel costs 
in accordance with the following general changes anticipated for each 


FPC region. 


PERCENTAGE OF NEW GENERATION LOCATED IN 
FUEL COST AREAS ABOVE INDICATED COST 
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Future fuel costs were estimated for region I as being increased 
only a small amount due to the competition offered by oil along the 
seacoast and the nearness of Pennsylvania coal to the generation in the 
area. In region IT a small increase in coal costs was assumed to occur 
due to the narrower coal seams. In region ITI fairly large increases in 
the low-cost areas were estimated to be due to possible depletion of the 
gas supply, or its unavailability due to its being used for other pur- 
poses; coupled with a small increase in the higher cost areas due to 
narrower coal seams. In region IV a moderate increase was assumed 
to result from increased costs due to mining poor grades of coal in 
narrower seams. In region V a substantial increase in cost was as- 
sumed to result from the depletion of the natural gas supply, or its 
transmission out of the area and the fuel being replaced by lignite. 
The same type of assumption was made for region VI. In region VII 
it was assumed that a small increase would result due to the replace- 
ment of oil with Utah coal. In region VIII the same effect was as- 
sumed as in region VII. The increases have been held down in these 
regions due to the potential availability of foreign oil and hydro 
availability in region VII. 

The technique for arriving at figure 4 was to list the assumed new 
fuel costs and add the percentages of generation that appeared above 
any particular fuel cost. This was then plotted on figure 4. For 
example, in 1954, 40 percent of the new generation was located in areas 
where the fuel cost was 30 cents per million B. t. u. or higher and 
70 percent was added where the fuel cost was 20 cents per million 
B. t. u. or higher. The estimated forecasts for 1975 and 1980 are also 
shown. 


(e) Comments on fuel-cost distribution 


It should be noted that in the high fuel cost areas the anticipated 
increases in fuel cost are much less than in the low-cost areas. For 
example, in 1954, 10 percent of the new generation was installed in an 
area where the fuel cost was 34.5 cents per million B. t. u. or higher, 
and 20 percent where fuel cost was 32.5 cents per million B. t. u. or 
more. Therefore this 10 percent of the generation installed had an 
average fuel cost of 33.5 cents. In 1980 for this same block of genera- 
tion occurring between 10 and 20 percent, it is estimated that the 
average fuel cost will be 35.5 cents an increase of only 6 percent. 
Contrast this with the 10 percent block in the low fuel cost range ap- 
pearing between 60 and 70 percent, where the average in 1954 was 21.75 
cents, but in 1980 is estimated to be 28.75 cents, or a 32 percent in- 
crease in average fuel cost. 

One of the most: important effects to be noted from this figure is that 
a large proportion of the new generation is installed in areas having 
almost the same fuel cost. Note that in 1980, it is estimated that 18 
percent of the generation will be installed in areas having a fuel cost 
of 35 cents or greater, and that 60 percent will have a fuel cost of 30 
cents or more. This means that 42 percent of the new generation is 
expected to be installed at between 30 and 35 cents per million B. t. u. 
In this case, improvement in economy of a nuclear plant equivalent to 
a 5 cents per million B. t. u. decrease in fuel cost would change the 
break even point from 18 to 60 percent of the new generation. This 
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indicates that once nuclear plants are competitive for a modest frac- 
tion of the generation, with a small improvement in economy, they will 
be competitive for a large fraction. 


III. BASES FOR COMPARING THERMAL AND NUCLEAR PLANT PERFORMANCES 


It is common practice to compare the performance of various con- 
ventional plants being considered for addition to an electric system on 
the basis of their performance at nearly their rated output. When this 
method is applied to the comparison of nuclear and conventional 

lants, the result tends to favor the nuclear plant because it has a 
tn ratio of capital cost to fuel cost than the conventional plant. 
In special circumstances a base load comparison may be fair; however, 
it is not considered sound for a general study. A method based upon 
»lant performance over its entire life cycle is more appropriate. The 
con selected for this analysis is conservative, in that it does not give 
nuclear plants any advantage over conventional plants, because of the 
financial structure or load factor at which they are compared. 


(a) Load-factor assumption 


It is first assumed that, when nuclear plants compete with conven- 
tional plants in an electric system with uniform fuel costs over the 
system, a substantial portion of the plants installed thereafter in 
that system will be nuclear. Second, as long as there is a combination 
in one system of nuclear and conventional plants, the nuclear plants 
are expected to be able to accept an increase in load for a smaller 
increase in fuel cost than the conventional ones, so the nuclear plants 
will tend to be operated at slightly higher load factors. But, for rea- 
sons which will be apparent from the analysis which follows, the 
nuclear plants cannot be base loaded over their life cycle. 

Any plant lifetime load-factor pattern is determined principally by 
the following system and plant characteristics : 

1. System load duration pattern. 

2. System load growth rate. 

3. Reserve capacity practice. 

4, Plant availability. 
Ordinarily the newest plants are the most economical and are oper- 
ated at as high load factors as permitted by their availability. 

The pattern for a typical system has been determined by the follow- 
ing analysis: 

Figure 5 shows a typical system load duration curve. This indicates 
that the system delivers peak load for essentially zero time; it delivers 
over 80 percent load 15 percent of the time; over 60 percent load 50 
percent of the time; and over 30 percent load 100 percent of the 
time. The average load factor for this curve is 60 percent. The 
average load factor for all electric utilities in 1954 was 62.9 percent. 

How the load factor of a large generating unit on such a system 
varies throughout its life is shown in figure 6. This shows that such 
a unit will be operated at a base load of 85 percent of its maximum 
capability for the first 7 to 8 years. This is limited to 85 percent by 
an assumed availability of 85 percent. After that, new units coming 
on the system are operated at base load and the older unit is forced 
each year to operate at a lower load factor because of plant economy 
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and the shape of the system load duration curve. Because the system 
load duration curve has a very small percent of time during which 
the system requires above 85 percent of the peak, the oldest plants 
on the system are forced to operate at very low load factors (between 
0 and 5 percent) during the last 10 years of their life. 

On a system doubling in size every 10 years there are more new 
plants than old. This is the principal cause of a plant lifetime load 
factor lower than the system load factor. The lifetime load factor in 


TYPICAL SYSTEM LOAD DURATION CURVE 
60 % System Load Factor 
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this case is 43 percent with a system load factor of 60 percent. This 
computation was based on the ae assumptions: 


1. 15 percent reserve capacity ( 
than 30 years). 

2. Thirty-year life serving as generating capacity available to 
supply peak load. 

3. The load doubles every 10 years. 


ut much of this in plants older 
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4. Each new plant added is more economical than older plants. 

5. Each plant has an average availability of 85 percent but 
maintenance is scheduled so that each plant under 30 years of age 
is available at the time of peak load. 

Conclusion.—The above analysis shows that a plant lifetime load 
factor of 43 percent would apply ay well to a system in which 
all plants were thermal or in a system where all plants were nuclear. 
Actually, during the period of this forecast, there will be a mix of 
nuclear and conventional plants. Since nuclear plants are expected 
to have lower production cost (fuel plus operation and maintenance) 
than conventional plants, it is expected that in the middle years of their 
life nuclear plants will be operated at somewhat higher load factors 
and conventional plants at somewhat lower load factors than those 
shown on figure 6. Accordingly, it is assumed that the lifetime load 
factor of nuclear plants is 50 percent instead of the 43 percent cal- 
culated. 


(b) Investment charges 


There is a large variety of methods for computing the comparative 
value of propects over their lifetime. The method used in this an- 
alysis has the advantage of simplicity in use as compared to such 
more refined methods as the level payment fixed charge method. 
See depreciation over 30 years is used and the plant is re- 
quired to earn and pay Federal income taxes on its book value. This 
results in initial fixed charges on the first cost of the plant of the 


following: 

Percent 
Return of tavemtrnemt BeGore tameG sk kn ie id ws 10.5 
Depreciation 
State and local taxes 
Insurance 


Total fixed initial charges 


Under this method the dollars per year required to earn 10.5 percent 
before taxes on the investment decline lineally as the book value of 
the plant decreases over its life. The dollars per year for deprecia- 
tion, State and local taxes, and insurance, are level over the life of 
the plant. The same result can be obtained by applying to the first 
cost of the plant a percent equal to the following: 

Percent 


Half of the 10.5 percent rate on investment before taxes_...........----- 5. 25 
Depreciation, State and local taxes, and insurance 


(It is important that the 10.88 percent is not a fixed charge rate in the ordinary 
sense but rather an equivalent percentage which can be applied in 1 step to 
first cost rather than making the computation in 2 steps (1) applying the 
10.5 percent earnings to book value each year and (2) applying 5.63 percent for 
depreciation, ete., to first cost.) 


IV. FORECAST OF NUCLEAR PLANT ADDITIONS 


The basic data from which to compute the growth rate for nuclear 
plants have been established. Part I contains the nuclear plant cost 
assumptions in figures1and2. Part IT gives the economic character- 
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istics of the conventional plants including the effect of fuel-cost trends 
in various sections of the country, with the result shown in figure 4. 
Part III explains why it is considered sound to compare the economy 
of nuclear and conventional plants at 50 percent load factor and with 
fixed charges consisting of the sum of 10.5 percent earnings before 
taxes on book value plus 5.6 percent depreciation, State and local 
taxes and insurance on first cost. A further assumption is required. 
It is assumed that: 

1. Inany region where conventional plants are more economical 
than nuclear, the industry will continue to install all thermal 
capacity. 

2. Where the computed economy of thermal and nuclear plants 
is at a standoff, the industry will buy 50 percent nuclear and 50 
percent thermal. 

3. When nuclear plants show a 10-percent advantage over 
thermal plants, the industry will buy all nuclear plants there- 
after in that region. 


(a) The bracket forecast 

Figure 7 shows the results. The curve labeled “optimistic” shows 
the percent of capacity additions which would be nuclear, if nuclear 
plant capital costs follow the optimistic curve of figure 1 and nuclear 
fuel costs follow the optimistic curve of figure 2. 

This shows an extremely rapid rise in installation rate of new 
nuclear capacity—starting in 1965, reaching 30 percent by 1970, 73 
percent by 1975, and 90 percent by 1980. 

The curve labeled “pessimistic” is the percent additions that would 
be nuclear, if nuclear plant and fuel costs follow the pessimistic 
curves of figures 1 and 2. This result shows a rate of increase of 
nuclear capacity just as steep as the optimistic curve, but occurring 
about 10 years later. For assistance in evaluating the effect of the 
fuel-cost assumptions as shown on figure 4, the dashed curves on figure 
7 show the results on the basis that the fuel cost stays constant at 
the value shown for 1954. This is merely to indicate the change in 
forecasts on the optimistic and pessimistic bases, should fuel costs 
remain substantially constant. 

The rate of increase is produced by three influences: 

1. The rate of cost reduction in nuclear plants and nuclear fuels, 
as shown in figures 1 and 2, is expected to be quite pronounced during 
this period for the same kind of reasons that progress is rapid in any 
new-product field. 

2. Because a large fraction of the generation in the United States 
is located in areas that have almost the same fuel cost, the nuclear 
plants once they become competitive with a small fraction of the 
generation will with small improvements become competitive for a 
very large proportion of the new generation. This was previously 
pointed out under Comments on Fuel-Cost Distribution. It is the 
main reason why the economic analysis shows a very steep rate of 
rise for the percentage of large unit additions that will be nuclear. 
It will also be observed that on figure 4, the difference in fuel cost 
for even a larger fraction of the generation lies within a narrow band 
for the years 1975 and 1980 as compared to 1954. 
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3. Conventional fossil fuel costs are expected to increase in moderate 
amounts in many sections of the country over this period. 
(6) The single forecast 

The point has been reached at which judgment is used to introduce 
the effect of intangible factors which cannot be included in a theo- 
retical analysis. The following have been considered in making the 
“present forecast” of figure 7: 

1. Factors moderating growth rate——lIt is considered unreasonable 
for the nuclear industry to expand as rapidly as computed on the 
theoretical curves. Its growth rate will be governed by such fac- 
tors as: 

(a) The rate at which the manufacturing facilities are com- 
mitted, constructed, and placed in operation; 
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(6) The rate at which people can be trained to undertake the 
special tasks associated with the design, construction, and opera- 
tion of nuclear plants; 

(c) The rate at which nuclear fuel manufacturing and reproc- 
essing facilities are constructed ; 

(d) The rate at which operating experience is accumulated 
providing the operating utilities with confidence to purchase 
additional nuclear plants. 

. Factors toward early growth— 

(a) The theoretical calculation does not take into account the 
incentive to industry to pioneer in advance of demonstrated eco- 
— justification, in order to be ready for the large expansion 
ahead. 

(6) The tendency of the public to feel that nuclear plants are 
going to obsolete conventional steam plants, may cause stock- 
holder pressure on utilities to buy nuclear plants. 

(c) A significant number of special situations in which a nu- 
clear plant may be economically justified in advance of general 
justification may be found in the early years. Such special cases 
are not covered by a general analysis. 


(c) Summary of present forecast 

The present forecast starts at 4 percent in 1960. The total amount 
of nuclear generation expected by the end of 1960 is 800,000 kilo- 
watts in accordance with table I. This is in line with nuclear capacity 
contemplated in 1955, assuming that operation of some plants starts 
in 1959 and some in 1960. 


This level is expected to continue with a moderate rise for a few 
years based on a constructed for experience or as ventures plus 


plants that can be economically justified in special situations. 

There is considerable confidence among manufacturers that nuclear 
fuel costs at or below 2 mills per kilowatt-hour will be demonstrated 
by 1965. This accomplishment would certainly stimulate accelerated 
commitments for new nuclear capacity to go in service around 1970. 

So the major upturn in nuclear plant additions associated with their 
actually becoming economically competitive is forecast at about 1970 
with nuclear estimated to take 14 percent of the capacity additions. 

For the reasons as shown under section (6) 1, the rate of rise fore- 
cast is less than the rate resulting from the analysis. The forecast 
still represents a very rapid growth to 45 percent of the annual large 
generating unit capacity additions in 1975 and 65 percent in 1980. 


Vv. GROWTH OF TOTAL ELECTRIC GENERATING CAPACITY INCLUDING NUCLEAR 
PLANTS 


(a) Installed generating capability—all types 

To translate nuclear plant expansion from percent to kilowatts the 
growth of total electrical generation capability is needed. A number 
of forecasts have been made by qualified groups. The divergence of 
some is substantial. Referring to the following table II, it was the 
opinion of the conferees and the power seminar that the series I fore- 
cast represented their thinking concerning future industry capability. 
However, at the request of the staff of the panel and for comparison 
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purposes, curves and tables also include calculations based upon series 
II. For the period from 1954 to 1980, series I and II have been ob- 
tained in the following manner: 

Series I: September 19, 1955, forecast of Electrical World, 1955-70, 
extended at Son panes increase annually to 1980. This forecast is 
in terms of installed capability (exclusive of industrial and railway) 
and includes 22-percent reserves over peak demand from 1958 onward 
as shown in reference 2. From 1954 to 1970, it projects an average 
annual increase of 7.3 percent. 


INSTALLED CAPABILITY FORECAST 
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Series II: “Estimated future power requirements of the United 
States, 1954-80,” Federal Power Commission, October 1955. The peak 
loads listed in this publication, reference 3, have been inoue by 
15 percent *° for reserves to arrive at a figure for installed capability. 
From 1954 to 1980, it projects an annual average increase of 4.9 per- 
cent compounded annually for the 26-year period. 

These forecasts are plotted on figures 8 and 9 and listed in table II. 


©The figure of 15 percent for reserves to calculate installed capability from reference 3 
was agreed to at the November 8, 1955, meeting. 
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TABLE II 


| 
Total installed capacity | , 
7 | otal installed capacity 
——. — = (millions kilowatts) 





| 
i 
Series I Series IT | Series I Series II 

19541 11.3 | 11.3 103. 7 103. 7 
I 2c de db: decekcsnian at ts pl eras atic tea ac ee 12.8 7.5 166.9 160. 3 
a,c ch'sdi dah carGa th de tik ay inn orien esos ee cae 14.8 9.5 232. 0 203. 6 
1970 19.9 9.9 320.0 | 249. 4 
IGTE... occoccnccndnvessnsectecse queient«asesee 26. 8 11.2 438.4 301, 2 
a a ae ae 36. 7 12.3 600. 7 358. 5 


| 
' 





1 Actual per Electrical World. 


On figure 9, the history of installed capability was obtained from 
table 5 of reference 1. 

The conferees desired to exclude small thermal plant capacity with 
which nuclear is assumed not competitive. The following estimate 
has been made and nuclear additions reduced accordingly (hydro was 
excluded previously) : 


Taste III 
Generating units: Percent | Generating units: Percent 
Under 100,000 kilowatts: 100,000 kilowatts and larger: 
Pa css ere hate iainen 16 BE hE iicnanin acai 84 
2S 2 eee 9 ad ac 91 
FE eden aplvacen 5 ed aeacibcmictekantins 95 


(b) Nuclear plant additions in kilowatts 


The annual additions required to attain the total capacities of series 
I and series II in figure 8, using the fraction going to nuclear as fore- 
cast in figure 6, but adjusted in accordance with table ITT, so that only 
large unit additions are included, are shown in figure 10 and table IV 
below. 
TABLE IV 


Total nuclear added 
millions kilowatts 


Nuclear addition rate 
millions kilowatts per year 














Series I Series II Series I | Series II 
—_—__|—__—— 
Through— 
_ {_ es ate jsccodyostsnaeadn .8 i- .8 .8 
RC Deis diastini ese tecwadobelanedtuuae 9 -6 4.0 2.9 
acc a I er 2.5 1.3 12.3 7.2 
SOIR bn cecesnetthcd iste seu 11.0 4.6 48.0 | 22. 6 
Stk cestatuisiaioks siaiincsy tliat Mies tad vntadlanloeivabaa ibe 22.6 7.6 137.8 | 54.3 


1 The 1960 figure corresponds to total nuclear capacity at end of 1960 as shown in table I on p. 10. 


Even with the rapid acceleration of nuclear plant-construction fore- 
cast, the requirement for new thermal and hydro capacity will continue 
to increase for 15 to 20 years and at that time will probably be 114 to 2 
times the present annual additions. 


(c) Nuclear-thermal plus hydro-installed capacity 


To visualize the effect on fuel industries and on operating utilities 
of these forecasts, the total generating capabilities and nuclear capa- 
bilities in service for series I and II are shown in figure 11. Here the 
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time it takes to significantly change the distribution in an industry 
with a 30- to 40-year turnover is most evident. Nuclear capacity builds 
up to only 4 percent in 1970, 11 percent in 1975, and 23 percent in 1980 
with series I, and to only 3 percent in 1970, 7.5 percent in 1975, and 15 
percent in 1980 with series II. 

During the entire 25 years, thermal plant capacity continues to grow 
as shown in table V. 
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One of the principal reasons the authors had for carrying the nuclear 
forecast to 1980—longer than necessary for most purposes—was to 
make graphic the facts that neither conventional plant new construc- 
tion nor conventional fuel consumption will be appreciably affected 
by nuclear power in the near future. Such basic facts have always 
been obvious to people familiar with the nature of the electric utility 
industry. But unnecessary apprehension has been much too wide- 
spread. 


VI. GENERAL OBSERVATIONS 


The general concurrence of the conferees (see footnotes p. 8) with 
the assumptions, the method of analysis and, in particular, the close- 
ness of their independent forecasts of results shown by series I cer- 

tainly strengthens confidence in this forecast. As previously pointed 

out, at the request of the staff of the panel, series II has been included 
for comparison purposes, which shows widely different results. The 
primary reason for the wide spread is the different forecast rates of 
growth at the time when it appears nuclear power will be entering 
the picture. 

As brought out in the analysis, there are several important influences 
in the same direction—economic forces pushing atomic power ahead. 

There are so many different technical avenues available, it is incon- 
ceivable that technical obstacles can do more than alter the path, 
reduce the rate of rise or cause a moderate delay. From the variety 
of attacks already mounted, a real setback due to new technical prob- 
lems arising is most unlikely. 


There remains a vast amount of technical work to be done—costly in 
both technical men and money—to bring atomic power into competi- 
tion in continental United States. But, the incentive shown by this 
forecast is both clear and forceful. ‘There is a genuine market. It is 
large and not too far ahead. 
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Tue TECHNOLOGY AND Economics oF NUCLEAR Power 


By Robert A. Charpie, Oak Ridge National Laboratory 
December 15, 1955 


FOREWORD 


The purpose of this paper is to serve as background material for 
one group of seminar discussions concerning the future of the nuclear- 
power industry, organized by the Panel on the Peaceful Uses of Atomic 
Energy. 

It should be understood from the outset that this document is in no 
way intended to be a bible of nuclear power; rather, it contains the 

results of technical work in summary form, together with the author’s 
opinions of the future of nuclear power. 

The statements and conclusions in this paper reflect only the opinion 
of the author any they should not be construed in any way as represent- 
ing either the official position of the United States Atomic Energy 
Commission, the Oak Ridge National Laboratory, or the Union 
Carbide Nuclear Co. 


I. BACKGROUND 


It is important at the outset, in order to establish the terms of ref- 
erence for a prediction of the impact of nuclear power on the Ameri- 
can economy, to determine what forces will, in the long run, prevail in 
leading us from our present laboratory and development stage of the 


nuclear-power art to the production of significant amounts of elec- 
tricity from nuclear power. There seems to be no question but that 
nuclear power will be achieved on such a scale as to be an important 
factor in the American economy. Most of us have come to the reali- 
“ation that we will have nuclear power in the fairly near future not- 
withstanding the technical difficulties which confront us at the 
present. 

There seem to be at least two driving forces which will inevitably 
bring nuclear power into reality in the near future—one phychological 
and one economical. In the first place, there is the question of the 
importance of maintaining leadership in the field of nuclear energy. 
This leadership is recognized as an important factor both for the 
country as a whole and for individual companies and utilities. There 
is constant pressure from stockholders which forces private enter- 
prise into a new area like nuclear energy. There is, further, the na- 
tional incentive that the United States has pioneered so successfully 
in the whole field of nuclear energy and we do not wish to relinquish 
our title as leader to other countries of the world who are more or less 
“Johnny come lately” by our standard. Finally, there is the point 
that individual companies enter a new field like nuclear energy at an 
early stage even on a losing basis in anticipation of being able to 

capitalize on a predicted future expansion. 

The second important factor which must be taken into consideration 
in any projection of the impact of nuclear power upon the American 
economy is the whole question of the future cost of electricity. In the 
last analysis, nuclear power can only be an important factor in the 
power economy of the future if the electricity produced by a nuclear 
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station is competitive in cost with the electricity produced by a thermal 
station. 

The glamour of nuclear energy alone is not enough of a driving force 
to make nuclear energy an important factor in our economy unless 
electricity obtained from the nuclear power source is readily competi- 
tive with thermally produced electricity. At the present time, the 
consensus of experts in this new field is that it is a matter of 10 to 20 
years until nuclear plants are completely’ competitive with the very 
best thermal stations then available. It is this promise of future 
economy which is the most important factor in forcing us into nuclear 
power. 


It. DEMAND FOR POWER 


The most sensitive parameter in a prediction of the future for nu- 
clear energy in the United Sattes is the anticipated total demand for 
electric power in the United States. What fraction of new construc- 
tion will be nuclear power construction depends very critically on the 
specific assumptions which are made regarding the cost of nuclear 
power in the future. The most recent work on this problem is con- 
tained in a companion report to this paper prepared for the panel 
(see preceding paper, pp. 8 to 30). The present best estimate of the 
total future power demand is given in figure 8 of that report (p. 25). 

You will note that based on the postwar construction rate, the extra- 
polation which was adopted by the conferee group is conservative. 
Clearly, the prediction of the total installed power capacity in the year 
1980 is highly sensitive to the slope chosen to represent the rising curve 
in the period 1945-55. Accordingly, various extrapolated estimates 
have understandably differed by factors of as much as 3 after 25 years. 
In the opinion of this author, the extrapolation chosen by the conferee 
group is a conservative one and one that will be realized during the 
—— period. 

fter making certain assumptions about the average cost of nuclear 
power as the function of time in the immediate future, the conferee 
group then came up with the prediction of the nuclear-generating 
capacity which will be added every year during the next 25 years. 
(See fig. 10 on p. 28.) 

According to this prediction, by 1980 there will be a total generat- 
ing capacity of 600 million kilowatts of which approximately 140 
million kilowatts will be nuclear. When one considers that the total 
installed generating capacity of the United States in 1955 is 115 million 
kilowatts, it is evident that the nuclear-power industry will have to 
become a very big industry, indeed, if it is going to expand at the 
predicted rate. 

I shall not review here the assumptions which led the experts to 
their predictions of the future role of nuclear power. I shall devote 
my attention in the remaining sections to the technical basis of nuclear 
energy as a long-term energy source and the state of the art on which 
the economic predictions are based. 


Ill. THE FUEL PROBLEM 


There are two raw materials available for nuclear energy—uranium 
and thorium. Any realistic long-term nuclear-power program must 
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be devoted to the utilization of both of these raw materials. It should 
be emphasized that uranium and thorium are strictly complementary ; 
they are in no sense competitive with one another since they occur 
quite en, throughout the earth’s surface. 

One of the possible characterizations of a reactor is in terms of the 
fuel which it burns. At the present time, it is not possible to utilize 
completely any given charge of uranium or thorium in a reactor. Our 
technology has not advanced sufficiently far to date to permit com- 
»lete burning of a given fuel charge. Nevertheless, experiments which 
baw been conducted suggest that in the foreseeable future it will be 
possible to burn a large fraction of the raw material charged to a 
reactor. 

There is a third possible reactor fuel : U-235, which constitutes only 
0.71 percent of alll uatead’ uranium. In some reactor designs, it is 
possible to make maximum use of U-235 by processing the uranium 
through an isotope separation plant so as to yield a somewhat higher 
concentration of U-235. The gaseous diffusion plants, operated by 
the AEC, permit one to produce U-235 in any desired enrichment. 
Enriched uranium, of course, is much more expensive than natural 
uranium; so if one designs a reactor which uses enriched uranium, it 
is necessary to achieve substantial operating economies in order to 
offset the increased fuel cost. 

There are at least two possible approaches to this problem of reduc- 
ing the fuel-cost factor in a nuclear powerplant. 

The first and most obvious one can be characterized as a long-burn- 
ing reactor. In such a reactor, natural or slightly enriched fuel is 
burned in the reactor for as long as possible and is then put through a 
chemical recovery cycle." As the fuel burns in such a reactor, the 
fuel element may undergo substantial physical changes. For in- 
stance, the fuel element will suffer changes in its heat-transfer prop- 
erties and thermal conductivity; in fact, it may even undergo signifi- 
cant dimensional changes. There is the further problem that the 
fission products also capture neutrons. It is important in a reactor to 
minimize the neutron capture by all components of the reactor other 
than the fuel—otherwise, the cost of electricity is increased. Accord- 
ingly, it is only possible to tolerate a small amount of parasitic neutron 
capture by nonuranium atoms. Thus, we see that it is necessary in a 
long-burning reactor to extract the fuel after some exposure in the 
reactor and to pass the fuel through a reprocessing cycle in which the 
fission products are separated from the unburned uranium. The un- 
burned uranium is, of course, returned to a fabrication plant where 
new fuel elements are manufactured for reinsertion into the reactor. 
The whole question of the economics of the long-burning-type reactor 
rests on how long the cycle between successive chemical reprocessings 
can be made by clever reactor design and operation. As pointed out 
earlier, there is nothing sacred which requires utilizing natural ura- 
nium in the United States. It is ponitie, by using the diffusion 


plants, to prepare fuel material of any desired enrichment. As the 
enrichment of the fuel element increases, the requirement for extended 
burning in the reactor between reprocessings also increases, directly 


“If the cost of chemical reprocessing is excessive for certain types of reactors, it might 


iene economical to discard the spent fuel element when it has reached its useful 
span, 
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in proportion to the cost of the enriched material as compared to 
natural uranium. Thus, while some of the design problems may be 
alleviated by enriching the fuel, it is not obvious, a priori, that the 
economic problems are simplified. 

The other important reactor type, insofar as reducing fuel costs 
goes, is the breeder reactor. In addition to U-235, there are two other 
fissionable materials of importance to nuclear power: U-283 and 
Pu-239. Let us consider U-233 first. U-233 is an artificially pro- 
duced fissionable material which can be manufactured in a reactor. 
When a thorium ” atom captures a neutron, a U-233 atom is formed. 
It is possible by careful design to construct a reactor which will pro- 
duce power and slightly more than one new atom of U-233 for each 
atom of U-233 that is burned. A reactor of this type is called a 
regenerative or breeder reactor since it makes at least as much new 
fuel as it burns continuously. 

Using Pu-239 as a fuel, and U-238 as a fertile material, it is also 
ossible to achieve a breeding cycle. There are important differences 
etween the U-233 and the plutonium system, however, which result 

from the nuclear characteristics of the two materials. Two entirely 
different types of reactors are required to achieve breeding in the two 
systems. We distinguish these two reactor types in terms of the 
energy of the neutrons which cause fission. Neutrons which move 
with roughly the same velocity as that of the thermal motion in a 
material are called thermal neutrons. Neutrons which move with 
very much higher velocities—approaching the velocity of light—are 
called fast neutrons. The nuclear constants of U-233 are such that a 
U-233 reactor can be a breeder utilizing thermal neutrons. The plu- 
tonium system can only breed successfully if the fissions are caused 
by fast neutrons. Although the engineering distinctions are not ob- 
vious in this discussion, let it suffice for the present to say that the two 
reactor designs are completely different from one another in view of 
this fundamental difference in the nuclear properties of the fuel 
material. 

Most of our experience to date has been with thermal reactors. The 
Hanford and Savannah River reactors are all thermal as are all the 
other reactors in the United States with the sole exception of the fast 
reactors built by the Argonne National Laboratory at Arco. . Never- 
theless, it must be remembered, going back to the original remarks on 
fuel resources, that ultimately it will be necessary to build a power 
economy based on both U-233 which burns thorium—and Pu-239 
which burns uranium. Thus, we have a requirement for the develop- 
ment and operation of both thermal and fast breeder reactors in 
addition to the long-burning-type reactors. 


Choice of coolant 


An important parameter in a given reactor design is the choice of 
a coolant. We have available to us as possible reactor coolants, gases, 
water (ordinary or heavy water), organic solutions—such as hydro- 
carbons—and liquid metals. In selecting a coolant there are two 
important problems to consider. The thermal efficiency of the over- 
all powerplant and the material efficiency of the overall powerplant. 


1%2The material which captures neutrons to produce fissionable material (thorium in this 
case) is designated as a “fertile material.” 





PEACEFUL USES OF ATOMIC ENERGY 35 


Weinberg (1) has introduced the concept of material efficiency, which 
is a fundamental property of nuclear systems that is not shared by 
conventional systems. 

In a chain reactor, the initial cost of the fuel charge is an expensive 
component of cost. This means that there is a strong incentive to 
minimize the fuel investment per kilowatt of heat produced. It is 
not economical to maintain an oversized stockpile of fuel elements 
outside a reactor since their high cost would impose a considerable 
interest burden on the financial structure of the reactor plant. By 
the same token, it is not reasonable to tie up unduly large quantities 
of fissionable material (measured in kilograms per kilowatt of heat 
produced) inside the reactor since this also would impose an unbear- 
able interest charge. There is, then, strong incentive to produce as 
many kilowatts of heat as possible per kilogram of fissionable mate- 
rial invested in reactor plants, inside the reactor as well as in the fuel 
reserve stockpile. This factor is, of course, only one of several con- 
siderations which must be brought into play in evaluating a given 
reactor concept. 

IV. THE STATE OF THE ART 


In this section we shall consider in some detail the present state of 
the reactor art for each of the five broad classes of reactors included 
in the American reactor development program. It is most convenient 
in conducting this discussion to separate the reactors into two types 
characterized in terms of the coolant which they use—water or sodium. 

Most of our experience to date has been with reactors cooled with 
water. In the 5-year reactor program there are included, in all, three 
reactors which are cooled with either ordinary or heavy water. The 
first of these is the pressurized water reactor being built by Westing- 
house & Duquesne Light Co., at Shippingport, Pa. This reactor is 
a natural extension for central station power use of the pressurized 
water art developed principally in connection with the naval reactor 
program. The second water-cooled reactor, being developed under 
the auspices of the Argonne National Laboratory, is the boiling water 
reactor. Obvious engineering simplifications of the pressurized water 
reactor result if the core of the reactor is allowed to boil. The third 
reactor in the water line is the homogeneous reactor being developed 
by the Oak Ridge National Laboratory. The homogeneous reactor is 
an attempt to eliminate or simplify some of the costly steps associated 
with heterogeneous reactors. 

In the sodium technology, we distinguish two lines of develop- 
ment—the sodium cooled graphite reactor being developed by the 
North American Aviation Corp., and the fast breeder reactor bite 
developed by the Argonne National Laboratory. 

The sodium-cooled graphite reactor is a natural rationalization of 
the Hanford reactors in which the aluminum has been replaced with 
zirconium and cooling is effected by liquid sodium instead of high- 
pressure water. ‘The sodium has a low vapor pressure at high tem- 
perature, thus permitting one to obtain high thermal efficiency at 
very moderate pressures. 

In a fast reactor it is impossible to use a material with a low atomic 
weight, such as water, as coolant. Instead, a liquid metal (sodium) 
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is chosen as the coolant material because of its excellent heat transfer 
properties and because it does not strongly influence the energy of the 
neutrons between birth and absorption in fuel. 

Before considering each of these reactor types in detail, we should 
note that there are other types of possible reactors, some of which are 
being developed in other countries, which will not be discussed in this 
report. The British, for instance, have embarked on a very large 
program, described in their white paper of February 1955, (2) which is 
aimed at producing significant quantities of military plutonium and 
electrical power using gas-cooled reactors. We, in the United States, 
have not been charmed with gas-cooled reactors because of their low 
material efficiency. The original provocation for the British getting 
into the gas-cooled reactor business was that they believed the gas- 
cooled reactors were inherently safer than water-cooled reactors of 
the Hanford type. In 1950 when this decision was made, such was 
indeed generally thought to be the case. In the intervening years we 
have learned more about water-cooled graphite reactors and we now 
know how to design them so that they are just as safe as gas-cooled 
reactors. Accordingly, I believe the British decision to continue in 
the gas-cooled reactor business is largely one of expediency and does 
not have any firm technological or economic basis. 

Another type of reactor which has been looked into at some length 
is the liquid metal fuel reactor being studied at the Brookhaven 
National Laboratory. Just recently the AKC has decided to under- 


take the engineering development of this reactor within the same 
framework as the 5-year —— reactors mentioned above, but this 


program is so new that sufficient progress has not been made for a com- 
partive evaluation of the liquid metal fuel reactor to be made at this 
time. 

Finally, the possibility also exists of building reactors with organic 
coolants. This prospect has been under consideration for many years. 
In the original design of the Hanford reactors an organic coolant and 
water were carried along as parallel case studies up to the last minute. 
In the intervening years considerable attention has been devoted on 

aper to organic-cooled reactors, but up to the present time no one has 
een sufficiently interested in them to undertake an experimental 
program aimed at producing an experimental organic-cooled reactor. 


Summary of power reactor studies 


We can assess the present interest in the five types of reactors out- 
lined above by consulting table I which lists the reactors which have 
been studied at some length by industrial groups. (3) You will notice 
that, in all, there are 7 pressurized water reactors, 2 boiling reactors, 
3 sodium-cooled graphite reactors, 2 fast breeders, and 2 aqueous 
homogeneous reactors. 

Ths concentration of studies on the pressurized water and sodium- 
cooled graphite reactors reflects the present state of the technology in 
that these two types are essentially ready for full-scale construction 
at the present time. During the past 2 years the boiling water re- 
actor has been developed to the point where it is rapidly becoming 
the favorite of utilities considering a nuclear powerplant. The two 
breeder reactors represent more remote technologies. They are 
further from being accomplished facts but there is stil] sufficient indus- 
trial interest in them to suggest strongly that even at the present time 
they are on a solid footing. 
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TaBLe I.’—Estimated capital costs of nuclear powerplants 





Power level! Capital | P 
Reactor type Company or study group Mw-elec- cost/kilo- | 
| tricity | watt a | 
: | 
| 


rototype devel- 
oper 


} 


D?0 moderated and cooled...| Commonwealth Edison 234 $352 | 
‘ (nuclear power group). 
H20 moderated and cooled do : 236 | Westinghouse. 
D20 moderated and H?0O | Bechtel, P. G. & E_.-...---. 365 
cooled. | 
H20 moderated and cooled...| Fluor Corp ; 183 
Graphite moderated, H*O | General Electric 249 
cooled. 
#20 moderated and cooled...| Yankee Atomic Electric 3240 
H?0 moderated... Consolidated Edison § 233 
General Electric 226 
Nuclear Power Group... ---- $250 | Argonne. 
Monsanto 291 
North American Aviation__. 243 
Consumers Public Power, 3323 | North American. 
District of Nebraska. 
California Research and 269 | Argonne. 
Development. 
Detroit Edison 3 450 
Foster Wheeler-Pioneer 256 | Oak Ridge. 
Service. 
Nuclear Power Group 8 240 





1 This table is taken in its entirety from J. A. Lane’s Economics of Nuclear Power. 
2 Costs do not include fuel inventories in reactor and processing plants. 
3 Power demonstration reactors, 1955, 


Pressurized water reactors 

The pressurized water reactor has two principal modifications de- 
pending on whether the coolant is ordinary water or heavy water. 
For a given power the heavy-water version will have a lower fuel 


investment and hence a higher material efliciency. In addition, the 
heavy-water reactor has a higher conversion ratio than does the light- 
water reactor. (Conversion ratio is the number of atoms of fissionable 
material produced per fissionable atom destroyed.) ‘These advan- 
tages must be weighed against the additional charges which accrue 
from the investment required for heavy water. The only large-scale 
power reactor included in the 5-year program is of the pressurized- 
water type. It is the 60 megawatt near Pittsburgh. All of the pres- 
surized-water-reactor studies have been heterogeneous reactors. ‘They 
use a fuel element made with either ordinary or slightly enriched 
uranium which has been clad and perhaps alloyed with other elements 
to permit a long exposure between chemical reprocessing cycles. 

In table I we notice that one of the pressurized-water reactors, pro- 
posed by the Hanford General Electric group, is in fact graphite 
moderated. Graphite moderation does not significantly alter the situ- 
ation except that we can draw on very long experience obtained at 
Hanford with graphite. For this case, too, the big problem is to find 
a satisfactory fuel element. 

The main impediment to economical nuclear power in all of the 
pressurized water reactors is the high cost of the metallurgical and 
chemical reprocessing steps. At the present, we have too little experi- 
mental information on the actual exposures and costs likely to be 
achieved using fuel elements of the designs. proposed for the various 
pressurized-water reactors to be sure of our estimates. Accordingly, 
the variation in the predicted costs of electrical power produced from 
a pressurized-water reactor is so large that at the present time it is 
impossible to draw any sharp conclusions. This situation will be par- 
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tially alleviated when we obtain some actual experience with the 
Shippingport reactor. 

As was pointed out earlier, significant nuclear advantages accrue to 
the pressurized-water reactor by using heavy water as the coolant and 
moderator. In addition to incrasing the material efficiency, the con- 
version ratio is increased, thereby increasing the potential cycle time 
between successive reprocessings. The best estimates now seem to 
show that the heavy-water version of the pressurized-water reactor 
will produce cheaper power than the light-water model. 

The pressurized-water technology is the most highly developed 
reactor technology today. Accordingly, it is very difficult to make 
sharp comparisons between the potential of other systems and the 
pressurized-water system. The pressurized-water reactor does defi- 
nitely have a future beyond the first reactor. It will be possible by 
improving the design of the fuel element and by lowering the cost of 
the chemical and metallurgical operations to reduce the unit power 
cost for several successive models of pressurized-water reactors. 


Boiling water reactors 


The boiling-water reactor is a natural improvement on the pres- 
surized-water reactor. By reducing the overpressure in the reactor 
and permitting the core to boil, the thermal efficiency of the overall 
system is increased. The capital cost of the system is reduced. One 
of the outstanding features of the boiling-water reactor is that the 
powerplant is capable of receiving and utilizing the steam at the 
maximum temperature and pressure for which the reactor fuel and 
tank can operate reliably. A considerable simplification in the design 
of a boiling-water reactor results from the elimination of the require- 
ment for heat exchangers and large pumps by allowing the core to boil 
and using the steam produced there directly. Further, because of the 
large volume of steam voids in the core, the reactor is actually safer 
and has a larger negative temperature coefficient of reactivity than 
does the pressurized-water reactor. Finally, of importance for the 
case of a heavy-water reactor, there is not holdup of expensive heavy 
water outside the reactor core proper. 

In table I, both of the boiling-water-reactor projects under study 
utilize ordinary water. It should not be concluded on this basis that 
ordinary water makes the best boiling reactor; rather, it seems that 
heavy water will produce a more competitive reactor although using 
heavy water imposes several additional problems which cannot be 
taken lightly—such as a greater demand for leak tightness and a 
chemical reprocessing and recovery cycle which conserves heavy water. 

It appears at the present time that by extrapolating both the boiling 
and the nonboiling pressurized-water reactors, that the heavy-water 
boiler has a potential advantage of 5 to 10 percent lower power cost 
over the nonboiling reactor. The same development problems exist 
in both systems with the exception of the demand for exacting steam 
separation in the boiler. It should be noted that the principal differ- 
ence between the light- and heavy-water boiler is a matter of size. 
The light-water reactors show an advantage where simplicity of small 
size is important. In the very large-sized reactors, where nuclear 
stations show to best advantage in comparison with conventional sta- 
tions, the heavy-water boiler is a clear-cut choice on the basis of eco- 
nomics. The main unresolved problem in the boiling-water reactor 
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is the question of how high a power density can be achieved. As with 
the pressurized-water reactor, one of the major economic questions 
with the boiler is that of fuel reprocessing costs. 


Homogeneous reactor 


The third member of the pressurized-water family is the homoge- 
neous reactor in which the fuel is dispersed homogeneously in the 
moderator-coolant. ‘The homogeneous reactor offers the possibility of 
breeding in the U-233-thorium system. It offers the outstanding 
advantage of low-cost fuel fabrication and chemical reprocessing. Its 
most serious problems are whether or not it is possible to achieve 
reliable operation of a system in which an tetrad radioactive solu- 
tion circulates through a complicated plumbing system under high 
pressure, and the corrosiveness of the fuel solution. 

All of the economic studies to date have shown that the homogeneous 
thermal breeder is the most promising of the thermal reactors, provid- 
ing—and this is a strong reservation—it can be successfully built and 
operated. 

To date, one reactor has been built and operated at Oak Ridge 
National Laboratory. Since this was an experimental model, it is too 
early to predict, on the basis of that operation, which was sporadic at 
best, whether or not one can build a reliably operating homogeneous 
reactor. There have been many questions in the past concerning the 
ultimate feasibility of such a reactor. We now know of only two prob- 
lems remaining to be solved in the homogenous reactor—the effect of 
radiation on the corrosion rate, and the long-term operability of such 
a plant. 


Sodium-graphite reactors 


The sodium-graphite reactor is the second of the 5-year ene re- 
actors which it was anticipated could be built with existing technology 
at the start of the program in 1954. It is clear that the sodium- 
graphite reactor does not represent a major divergence from experi- 
ence. Sodium is selected instead of water because of its excellent heat 
transfer characteristics, its compatibility with graphite, and its low 
vapor pressure at high temperatures. The use of sodium removes the 
requirement for extreme pressurization with its associated hazards and 
permits operation at elevated temperatures so that the thermodynamic 
efficiency of the reactor system is very high. 

In exchange for this efficiency, one pays a price in the attention that 
is required to insure sodium leak tightness. Ultimately, the sodium 
exchanges its heat with water. The chemical reaction which takes 
place if sodium contacts water is so catastrophic that an extraordinary 
demand for leak-tightness is imposed upon any two fluid-heat ex- 
changers involving sodium and water.’* There is also a requirement 
for developing handling tools and loading devices for moving fuel in 
the reactor remotely through a sodium pool. Although complete re- 
mote handling has been accomplished at Hanford in the chemical 
processing canyons, we know that this requirement increases the cost 
of such an operation by a factor of perhaps 10 over the same non- 
remote operations. Therefore, we cannot evaluate this aspect of 
the operation until we have gained some experience with the sodium- 


4 It should be noted that the demand for leak-tightness in the sodium-graphite reactor is 
less stringent than in the homogenous reactor. 
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graphite reactor experiment presently being constructed by North 
American Aviation at Santa Susanna, Calif. There is, finally, a de- 
mand for maintaining high chemical purity of the sodium. It is 
necessary to keep the sodium free from oxide contamination at all 
times. 


The ee me reactor can be operated either as a long-burner 
of natural or slightly enriched uranium, or as a convertor reactor to 
produce Pu-239 or U-233. Calculations show that the sodium- 
graphite reactor has some possibility of being a thermal breeder using 


the U-233-thorium cycle although this is not as yet established experi- 
mentally. 


Fast-breeder reactor 


The fast reactor is distinct from all of the other reactors considered 
in this report in that it is from the outset a power breeder and a com- 
pletely new technology. We do not have the backlog of experience in 
fast reactor technology that we have in the thermal reactor tech- 
nology. Accordingly, we must recognize that the fast reactor tech- 
nology is today not as far advanced as the thermal technology. It is 
important, however, to realize that we must continue to push vigor- 
ously on the development of the fast reactor becz.use it is only through 
the fast reactor that we can achieve high utilization of the funda- 
mental raw material, uranium. 

The outstanding asset of the fast reactor system is its very high 
breeding gain. Because of the specification that it can have no light 
materials in the core, the fast reactor uses a liquid metal as a coolant. 
Since the fast reactor is an extremely compact power source, it is neces- 
sary to obtain a very high power density as an a priori requirement 
for the fast reactor in order to get reasonable material efficiency. In 
a fast reactor, the fuel occupies approximately 5 percent of the core 
volume which is to be contrasted with 0.1 percent as a typical figure 
for a thermal reactor. For economic reasons it is clear that the re- 
»rocessing cycles in a fast reactor must be longer in terms of average 
fata per cycle. At the present time, it seems reasonable to expect 
to operate a fast reactor for the required cycle time in order to make 
competitive power. 

The main problems in the fast reactor system are those dealing with 
the chemical and metallurgical fabrication cycles. It is clear that the 
existing solvent extraction practices, which are so useful in the fission- 
able material production technology, are not applicable to fast re- 
actors. The long holdup time and the complete decontamination from 
fission product poisons which are offered by present solvent extraction 
processes penalize the fast reactor too severely. 

What is required is a process which does not decontaminate the 
material so completely from fission products and by means of which 
the material can be processed very shortly after removal from the 
reactor so there is not an excessive outside holdup with its accompany- 
ing inventory penalties. It is too early to state yet just what the cost of 
power from this reactor will be, but reasonable projections of existing 
technology lead us to believe that the fast reactor will be a very 
important competitor. 
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Vv. ECONOMICS 


We might wish to pose ourselves the question of “Which ones of all 
the presently fashionable reactor designs will emerge as the final choice 
in a power economy ¢” 

All of the studies to date seem to indicate that most of the reactor 
concepts presently pursued give roughly the same final cost for power, 
providing development follows a logical and reasonably fortuitous 
path. Some of the reactors have obvious long-term problems such as 
not being able to utilize nearly all of the natural uranium and thorium 
resources that are available. But if we consider those systems which 
make sense in the long term, we do not find distinguishing differences 
in the predictions of either success or cost. Thus, it seems likely that 
the final decisions on which reactors become fashionable throughout 
the United States may be based on other than completely technical 
questions. 

For purposes of comparing reactor types it is convenient to break 
down the economic questions into three unit costs: Capital, net fuel, 
and operating and maintenance costs. The conferees who prepared 
the forecast on the growth of the nuclear fuel generating capacity 
agreed on a prediction for the capital cost of nuclear-power plants 
in the future. The pessimistic cost predicted for 1960 was $240 per 
installed kilowatt. The optimistic cost eer was $160 per kilo- 


watt in 1980. At the present time the only other estimates we have to 
draw on are for the reactors given in table I. These capital cost esti- 
mates range, in 1955 dollars, from a low of $183 a kilowatt to a high 


of $450 per kilowatt. These costs reflect the differing technologies 
and the differing optimisms of the estimating groups. Many of the 
reactors in table I have predicted capital costs associated with them 
of between $225 and $350 per kilowatt. Thus, it does seem that the 
par estimates for 1960 are not too low. In fact, the first plants 
1ave now been committed at prices slightly below $240 per kilowatt. 

It is surely reasonable to expect improvements in the technology 
which will result in substantial reductions in capital cost. The main 
elements in capital cost which tend to make estimates high are a con- 
servatism in safety requirements and no way of estimating process 
improvements after a plant is in operation. We now insist that every 
reactor be enclosed in a blast-proof envelope which will guard against 
the spread of radioactive contamination in the event of a full-scale 
chemical or steam explosion occurring in the reactor. As experience 
is gained with nuclear powerplants I feel sure that this restriction will 
be relaxed in part. As we gain experience there are inevitably small 
individual process improvements which serve to increase the thermal 
efficiency as well as the operating efficiency of the plant. These all 
have the effect of reducing the capital charges. In such a iarge new 
technical area which is virtually unexplored it seems likely to the 
writer that the cost estimates based on current technology are 
pessimistic. 
Fuel costs 

The one item in the net cost of electricity which is most sensitive 
to the type of reactor selected, and which is amenable to intercom- 
parison among reactor types at the present time, is the fuel cost. By 
the net fuel cost we mean the number of mills per kilowatt-hour of 
electricity produced which must be assessed as a result of all charges 
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accrued to the fuel cycle. This includes the burn-up of fission mate- 
rial, the chemical costs for reprocessing fuel material, the metallur- 
gical costs for refabricating the fuel elements, less any credit due for 
any surplus fission material produced taking account of losses during 
the chemical reprocessing. Of course, the surplus fuel is credited at 
the price at which it could be sold. The main difference between 
thermal stations and nuclear reactor stations is the difference in fuel 
costs. Nuclear reactor stations are more like hydroelectric stations, 
in the long run, in that they will eventually produce zero-cost fuel. 
It is clear that if the reactor is a breeder which breeds by a sufficiently 
large margin, the value of the additional fuel produced will offset the 
chemical recycling costs. Thus, the net fuel cost is zero. 


Operation and maintenance 


Most of the estimates made to date, including the one presented 
by the conferee group, reflect a higher anticipated operating and 
maintenance cost than in conventional steam plants. Certain y the 
presence of radiation will increase the unit cost of individual opera- 
tions. Nevertheless, the principal routine maintenance and opera- 
tions do not involve radiation in the reactor plant. Individuals who 
have worked around reactors have always been amazed by the easy 
routine which is achieved in day-to-day operation. Accordingly, it 
would seem that the operation charges for a reactor plant should not 
be very much higher than for a thermal plant. 


Sunumary 


The economics of nuclear power is a very difficult question. Most 
of the studies which have been made to date have not been made on a 
uniform basis; so it is difficult to intercompare them. The main dif- 
ferences in end results depend largely on nontechnical assumptions 
which go into the study. The most important factor in the differences 
in all of the calculations is the method of handling capital charges. 

The questions of fuel charges are much clearer. The nonregen- 
erative reactors exhibit a fuel cost slightly in excess of 1 mill per 
kilowatt-hour for the optimistic cases. The breeding reactors, 
whether they are fast reactors or homogeneous thermal reactors will 
eventually have zero fuel cost. ‘There does not seem to be any clear- 
cut reason why the operation and maintenance of a nuclear plant 
should be significantly higher in cost than the operation and mainte- 
nance of a conventional thermal station. 

It should be recognized that nuclear plants are more like hydro- 
electric plants than they are like thermal stations because the possi- 
bility of zero fuel cost means that nuclear plants will not become 
obsolete because of high fuel cost. 
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ENERGY IN THE GROWTH oF ADVANCED INDUSTRIAL ECONOMIES ** 


Prepared by Staff, Project on the Productive Uses of Nuclear Dnergy, National 
Planning Association, December 16, 1955 


This statement provides background helpful to understanding nu- 
clear power’s potential contribution to further economic development 
of the United States and of other industrial economies over the next 
few decades, not the more distant future when the novel features 
of nuclear energy’s varied applications may have become widespread. 
Moreover, only central-station nuclear power, rather than the rami- 
fied uses of radiation, isotopes, reactor heat, and nuclear power for 
land, sea, and air transportation, will be analyzed. While put aside, 
the other peaceful applications of nuclear energy may ultimately 
correspond in economic and social importance with central-station 
nuclear power as it is now foreseen. 

Nuclear fuel and nuclear power will, of course, enter into previously 
existing patterns of the fuel and energy economies of the world and 
particular areas. Insight into the potential role of nuclear power in 
the growth of industrial economies can be secured in part by consid- 
ering the relationships existing between energy consumption and 
economic growth. 

As the term is used here, economic growth means a sustained, long- 
term increase in output per capita. Owing to substantial, but by no 
means complete, substitutability among fuels, as well as between heat 
and power over the long run, total energy of all types rather than fuel 
or electric power separatey is taken as the point of reference. By en- 
ergy requirements or consumption is meant the total input of all fuels, 
noncommercial and commercial, produced to satisfy the demands of an 
economy. Attention will be devoted also to electricity consumption, 
a leading application and form of energy, because it is more directly 
relevant to central-station nuclear power than total energy. 

The first two sections of this paper examine the relation between 
total energy consumption and national output and the past and pro- 
spective trends in this relationship for numerous countries. The next 
two sections briefly consider the approximate magniture of future 
world energy requirements and the possible limits on increases in the 
cost of meeting these requirements. The final section makes some gen- 
eral observations on the potential contribution of nuclear power to the 
advanced industrial economies. 


ENERGY CONSUMPTION AND ECONOMIC GROWTH 


Chart I indicates the obvious, but rough, positive relation between 
per capita energy consumption and per capita income for 42 coun- 
tries. High per capita incomes are found associated with high per 
capita energy consumption. Evidently, for a country to achieve high, 
or still higher, per capita income, it must perforce become a heavy, 
or still heavier, consumer of energy—particularly commercial forms. 

The principal reasons for the existence of the energy-income 
correlation, as well as the noticeable deviations from the pattern, may 


“This paper, prepared on request of the Panel, is derived from the report, Energy 
Requirements and Economic Growth, by Edward S. Mason and the staff of the NPA proj 
ect on the economic aspects of the productive uses of nuclear energy, and presented to 
the first plenary session of the U. N. conference on the peaceful uses of atomic energy, 
August 8, 1955 (see A/Conf. 8/P/802). For further detail and qualifications of the 
data used, it is suggested that the basic paper be consulted. 
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CHART I 
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be found by examining the primary factors which seem to determine 
energy consumption. Among these partly interrelated variables are 
the degree of industrialization, predominance of power-intensive in- 
dustries, climate, availability of low-cost hydroelectric power, and 
efficiency of energy utilization . | 

Energy consumption varies in part with the degree and composi- 
tion of industrialization, because transport, mining, and several manu- 
facturing sectors are energy-intensive activities, as compared with 
agriculture, forestry, and fishing or commercial activities.* About 
65 percent of world energy consumption is acounted for by ware 
(including mining) and transportation. Therefore, countries whic 
have achieved extensive industrialization and secure nearly half of 
their national product from indusry are found in the upper portion 
of the chart. Most of those countries having the larger part of na- 
tional product originating in agriculture, forestry, and fishing appear 
in the lower part. 

Similarly, the presence of power-intensive industries, such as elec- 
troprocessing, makes a difference in the energy consumption of in- 
dustrialized economies. Canada and Norway, for example, rank high 


15 See table 2, A/Conf. 8/P/802. 
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in per capita energy consumption in part because the composition of 
their industry reflects electroprocess activities attracted to the large 
sources of cheap power. Climate, of course, influences the energy re- 
quirement for — heating, and to some small degree space cooling. 
Countries in cold climates thus tend to have large energy require- 
ments; in the United States, for example, roughly one-fifth of the total 
is for space heating. Countries situated in the tropics are generally 
small energy consumers. Efficiencies of energy utilization for different 
countries are not firmly established but nevertheless suggest that the 
input of energy per unit of national product tends to be higher for 
underdeveloped than developed areas, because of the technological 
advances of the latter. 

There are interesting anomolies in the per capita energy-income re- 
lationship shown in chart I. Even among developed economies with 
similar per capita incomes there are substantial differences in energy 
consumption. For example, Denmark and Norway in 1952 had nearly 
equal per capita incomes ($725 and $714), yet per capita energy con- 
sumption in Norway was double that of Denmark (5.10 as against 
2.77 metric tons of coal equivalent.) Denmark, an economically ad- 
vanced agricultural economy but moving toward further industry, has 
virtually no domestic energy resources and only limited energy-inten- 
sive activities whereas Norway, as noted before, does have. National 
and regional differences in the variables we have mentioned provide 
reason for these, and other, departures from the usual relationship be- 
tween energy consumption and national income. 

The components of total energy consumption show similar degrees 
of positive relation with per capita income. Chart II shows the cor- 
relation for electric power; the high rank of the countries having de- 
veloped hydroelectric capacity—Canada, United States, Sweden, 
Switzerland—is evident. The relation between fluid fuel consump- 


tion, a major component of total energy, and income would also be 
positive. 


TRENDS IN ENERGY CONSUMPTION AND NATIONAL INCOME 


The determinants of total energy consumption for a particular coun- 
try at a given time can be broadly identified. ‘The reasons for 
changes of energy consumption in relation to national income are not 
easily established for a country, or group of countries, over any con- 
siderable period. For some, total energy consumption rises much 
more rapidly than national income: for others, less rapidly. This 
analysis, it should be emphasized, refers only to total energy consump- 
tion. For virtually all countries the rate of increase in electric power 
consumption exceeds the increase in GNP. The variations between 
countries in differential rates of increase are substantial. 

In order to explore this relation, and.to suggest the growth in future 
energy requirements, the countries have con grouped into three 
categories: (1) The economically advanced industrial economies, 
Which exhibit a stable portion of national income derived from in- 
dustry and which have established a continuous pattern of economic 
growth, such as in the United States, United Kingdom and most of 
Western Europe; (2) the rapidly industrializing economies, which 
have a sharply rising fraction of economic activity in industry, and 
where both national income and population are mounting, as in some 
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CHaRT II 


ELECTRIC POWER PRODUCTION vs. NATIONAL INCOME. 1952 
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Latin American countries, U. S. S. R. and — other Eastern 
European countries; and (3) the so-called underdeveloped areas, in- 
cluding most of Asia and Africa and parts of Latin America, where 
per capita incomes and energy consumption are low. : 

For the economically advanced industrial economies, which account 
for 60 percent of total world energy consumption and for all but a 
small part of commercial energy consumption, it appears that the rate 
of increase in national product, — roughly between 2.5 to 4 per- 
cent annually has been accompanied by a somewhat lesser rate of 
increase in total energy output.** But the reasons for this differential 
rate of increase are not readily discernible. They seem to be associated 
with the stable proportion of economic activity in the energy-intensive 
industry sector and with the steady application of efficiency-increasing 
innovations to production methods. Moreover, rates of increase in 
GNP for these countries have been quite differently influenced by vary- 
ing rates of increase in population, in per capita productivity, and 
savings, as well as by war and revolution. 

Certain questions confront analysis of the possible future growth 
of the advanced industrial economies: First, may the stabilized indus- 
try sector of economic activity be associated with a proclivity toward 
economic stagnation? The Western European economies may be rele- 
vant cases. Second, may the conditions of energy supply for such 
heavy levels of energy consumption in time encounter obstacles or 
constraints, domestically or internationally, which may retard future 
economic growth? The answers to both _—- are speculative, yet, 
it may be significant that for several advanced industrial countries, 


where stagnation had been considered a problem, the appearance of 
energy supply difficulties is recognized as being associated with future 
well-being, as in Western Europe and Japan. 

For the second group of countries, the industrializing, the rate of 
increase in both energy consumption and GNP is higher than for 


advanced industrial countries. The data for comparing the differ- 
ential rates of growth in energy consumption and in GNP for these 
countries, as well as the third group, are not entirely satisfactory, how- 
ever. As industrialization proceeds, an important shift from non- 
commercial to commercial sources of energy occurs, an example being 
Argentina’s dependence on firewood diminishing from 43 to 26 percent 
of total energy consumption in 25 years; also there is a sharp increase 
in efficiency of energy utilization as this shift occurs. Energy con- 
sumption would seem to rise more rapidly than GNP because of the 
increasing importance of the energy-intensive transportation and 
industrial sectors. 

In the industrializing economies the primary question for the future 
is whether, and how long, the rapid growth of the industrial sector 
can continue and whether economic growth is part of a continuing 
process that has an institutional basis sufficient to assure its long-term 
persistence. A stabilizing of the industrial sector in the advanced in- 
dustrial economies suggests the rapidly industrializing countries may 
sooner or later experience a retardation in the rate of increase in 
energy consumption and in the share of the industry component in 


*For the United States, Barnett’s data extended to 1952 show a 35 percent drop in 
British thermal units input per dollar of GNP (constant value) from 1909; Putman shows 
ore United Kingdom a 50 percent decline in 80 years, and for Japan a 20 percent decline 

years. 
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total economic activity. The heavy capital and foreign exchange re- 
quirements which confront the most underdeveloped countries, to be 
discussed next, are not apparently determining factors in the growth 
of a rapidly industrializing country. As industrialization takes hold, 
capital formation becomes rapid. 

For the third group of countries, the poor, less developed economies, 
increases in per capita income and in energy consumption, mainly 
noncommercial, have been small, but there are exceptions and the 
rate could become large. These areas account for most of the world’s 
population, and most rapid rates of growth, and a they now con- 
sume only 15 to 20 percent of world energy (all forms). Were the 
rate of increase in per capita energy consumption to remain small, the 
total increases in energy demand would still be large. These economies 
represent, among the three categories mentioned, the most difficult 
problem of analysis in the present and prospective relationship be- 
tween energy consumption and economic growth. Because of the 
potential magnitudes involved, errors of judgment or estimation may 
be crucial when the relative position of these countries in future world 
energy requirements and economic activity are projected. For most 
of these countries economic growth has been accepted as a goal of na- 
tional endeavor, and the process of industrialization may already have 
been initiated. Energy consumption of these countries could increase 
rapidly, particularly in the commercial forms. 

In considering the future energy needs of the underdeveloped 
economies, the primary question seems to be whether these economies 
can so organize as to assure a rate of capital formation and increase 
in administrative and professional competence sufficient to initiate 
sustained economic growth. A partial answer is found in the historic 
experience of many industrialized countries in which a combination of 
conducive factors arose, representing a balanced centribution of do- 
mestic private and public saving, together with substantial capital, 
technology, and other elements secured externally. 


FUTURE WORLD ENERGY REQUIREMENTS 


The preceding brief description of past and gums relation- 


ships between increasing energy consumption and national income for 
the three groups of economies indicates there is some stability in the 
pattern for the economically developed countries, but not for the other 
two groups. Efforts to estimate future energy requirements hence have 
encountered difficulty, and present results can be considered only as 
judgments, not as projections. Nevertheless, such estimates are indis- 
pensable tools in inquiring into the terms and conditions of energy 
usage and supply lkely to prevail during the next few decades. 
These, in turn, will help to define the possible role of nuclear fuel and 
power, more particularly in the industrial economies. 

Various estimates of possible future world energy requirements are 
available for consideration; two are plotted in chart III for the period 
to 1975 and to 2000. A third projection, for reference purposes 
only, is plotted to indicate the requirement for energy at constant per 
capita consumption, on a liberally assumed population increase of 1.5 
percent compounded annually. In the upper range, is the U. N. esti- 
mate (N. B. Guyol) of 3.5 percent annually, which is inferred from 
the recent historic rate of increase in “useful energy” applied, rather 





PEACEFUL USES OF ATOMIC ENERGY 49 


than in energy input.*7 The middle estimate, 3 percent annually, is 
that of the Paley Commission for the period 1950 to 1975; it is an 
average based on 3 percent increase for the United States; less than 
3 percent for Western Europe, and more than 3 percent fer the rest 
of the non-Soviet world.* The overall PMPC rate is substantially 
that implied by the judgments expressed in the preceding section of 
this paper. Robinson has suggested using 2 percent, the long-term 
growth over the period 1860-1954, as being the lowest plausible rate 
of increase in energy requirements.’® 

The divergence among these estimates is much less important than 
the fact that in a few iedin energy requirements are likely to be 
large and could be very large. The 3 percent rate of increase, for 
example, implies a doubling of annual energy requirements by 1975 
and more than a fourfold increase by the year 2000. 
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THE COST OF ENERGY 


May these absolute increases in world energy requirements, since 
they will be unmistakably large, be met without very substantial in- 
creases in the cost of fuel and energy? Such information as is avail- 
able on world reserves of conventional fuels indicates they are suffi- 
cient to meet global requirements over the next 10 to 20 years at costs 
that may increase, but need not increase very much. 


See A/Conf. 8/P/902. 
128 President’s Materials Policy Commission, Resources for Freedom, vol. I, pp. 103 and 


See A/Conf. 8/P/757. 
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Many of the economically advanced nations will continue to be 
coal-based. But in the next few decades the price and availability of 
oil are likely to be determining factors in the emerging international 
relationships in the supply of and demand for energy generally. This 
is likely 6% so because oil has become by far the major fuel enterin 
into postwar interregional trade as the shipments of coal have declined, 
and because coal output—except perhaps in the United States—re- 
sponds less readily to demand hia oil. Because the world consump- 
tion of fluid fuels is increasing far more rapidly than solid fuels, the 
drain on oil reserves and the incremental cost of far larger petroleum 
output becomes pertinent. Middle East oil reserves are so huge and 
production costs so low that substantial increases in output from this 
area to satisfy growing consumption in Western Europe, in the United 
States and to an increasing extent in the underdeveloped areas of the 
Eastern Hemisphere can be accomplished without substantial increase 
in cost to producers or to consumers. Moreover, the availability of 
petroleum products from oil shale at prices not substantially higher 
than from crude is expected to deter the rise of oil prices in the 
United States for some time.”® In considering future fuel costs, it is 
pertinent to note that oil, among the various fuels, is most capable 
of meeting serious price competition by a new fuel entering the energy 
field. 

Oil production and imports, therefore, may moderate a trend toward 
higher energy costs in the energy-deficit areas, that is, where a sub- 
stantial share of domestic consumption is supplied by imports. 

In the period of the next 2 or 3 decades, however, it is hkely that 
present wide geographic differences in the availability and costs of 
coal, oil, gas, and waterpower will remain large, notwithstanding the 
long trend toward a narrowing of international fuel-cost differentials 
as a result of discoveries of new sources and improvements in methods 
of transportation. 

The cost of transporting energy from its source to point of use is the 
basic reason for market differentials in the cost of fuel and power to 
geographically separated consumers of energy at a given time. De- 
velopments in energy transportation technology, among them being 
the replacement of sail by steam, and the introduction of pipeline and 
tankers, have reduced cost differentials substantially over the years. 
Oil, for example, moves by ocean tankers at one-half to one-third the 
cost per b. t. u. of moving coal by ocean collier. Energy is technical- 
ly available at some price in all areas of the globe; but the cost dif- 
ferences at major points of consumption are still large, as indicated by 
=a cost of fuels to consumers at a number of points (see 
table B). 

Innovation has tended to reduce the cost of fuel production, trans- 
portation, and utilization in both energy-deficit and energy-surplus 
areas. Historically, the tendency toward increasing cost of energy 
production has been offset by improvements in the technology of 
transporting and using energy. 

The trends in relative energy prices over the last 50 years in the 
United States shown in chari IV, are illustrative. Relative prices 
of total mineral fuels have been stable, compared with the general 


*® Synthetic Liquid Fuels, Bureau of Mines, Report of Investigations, 1952 (No. 4866), 
pv. 53; and 1955 (No. 5119), pp. 66-67. 
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price level, since 1920. The general index for all fuels reflects of 
course disparate trends in the components, as coal has risen and gas 
has declined. On the other hand, the relative price of electric power 
declined through this period to only a fraction of the level before 
World War I.** 

Notwithstanding wide geographic cost differentials, such as indi- 
cated, no general relationship exists between the cost of fuel and the 
degree of economic development. There are underdeveloped coun- 
tries with low and some with high costs of fuel; the same is true of 
highly industrialized countries, as well as of regions within countries. 

Moreover, diminishing costs of energy utilization everywhere dur- 
ing the last century have not been accompanied in certain parts of the 
world, notably the underdeveloped, by a rapid expansion in the rate 
of energy use. In other parts, notably the industrializing countries 
(such as Canada) there has been a rapid increase. Among the reasons 
for this difference are that both energy-producing and energy-con- 
suming industries, characteristic of advanced industrial nations, neces- 
sitate large capital investments and foreign exchange availability 
which some cdupieniiaal areas may be unable to meet. Based on 


the experience of the industrial economies, the investment required in 
the energy-consuming sector is several times as large as the investment 
in the energy and power-producing industries.” In addition, for 
countries lacking basic materials and construction industries, the for- 
eign exchange component of power installations is large, representing 
from one-third to two-thirds of the total expenditure. Expansion in 
the use of energy-producing and consuming industries thus depends 


in part upon foreign exchange availability and an increase in the rate 
of capital formation. 

What significance has the cost of energy had for the economic growth 
of present advanced industrial countries? The data suggest that 
energy costs have been an important, but not a determining factor, 
in economic growth. As we have noted, other conditions, such as 
technology and capital availability, are necessary to large-scale ex- 
pansion of energy use, whether it is high or low cost. In the case of the 
United States, for example, the rapid expansion of energy supplies at 
low cost helps explain economic growth during the last 50 years or 
more. The share of energy in total costs of manufacturing is abroad 
guide to energy’s industrial importance. In a few lines of industry, 
where fuel and power are in effect raw materials, energy costs are large 
in relation to total costs of production, but for most lines they are 
small..% For gross national product, as well as the manufacturing sec- 
tor, energy cost has been a significant, but not large fraction of aggre- 
gate values. | 

Ample low-cost energy, particularly in the form of electric power, 
has had substantial influence on the location of power-intensive indus- 
tries, on the structure of industry, and therefore on the rate of indus- 
trial growth generally. Energy has been an indispensable condition 
of rapid industrial development in the United States. 


11 See table F, A. Cont. 8/P/802. 
22 See table 3, A. Cont. 8/P/802. 
23 See table 6, A. Conf. 8/P/802. 
% See table 5, A. Conf. 8/P/802. 
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NUCLEAR POWER IN THE FUTURE GROWTH OF ADVANCED INDUSTRIAL 
ECONOMIES 


If we assume that central station nuclear power will become eco- 
nomically competitive, that is, will fall in the wide cost range of con- 
ventional power, and will diminish in cost as technical improvements 
are made, then its potential contribution is partly suggested by the 
preceding comments on the historic role of conventional energy and 
power in the advanced industrial economies. This experiences is rele- 
vant to the present world energy economy and to its prospects over 
the next couple of decades but, as we shall indicate, perhaps no further. 

The vast quantity of energy potentially available from nuclear fuels, 
the negligible cost of their transportation and the prospect of low- 
cost electricity from nuclear reactors are the most significant charac- 
teristics of nuclear power. Irrespective of the degree of urgency for 
a substitute source of energy, each of these interrelated characteristics 
suggest that the economic significance of nuclear power will differ 
widely among countries. For those economies remote from energy 
sources the negligible cost of transporting nuclear fuel may provide 
economic benefits. For those confronting physical limits on the do- 
mestic supply of energy, nuclear fuel represents an alternative source 
of heat and power of great magnitude. For those economies having 
ample low-cost sources of energy, nuclear fuel and power may be 
important as a potentially low-cost source of energy, restraining 
tendencies toward increasing cost. Thus, nuclear power will, as has 
been true of other energy sources, present special technical and eco- 
nomic characteristics which make it preferable in certain economic 
conditions and for particular uses. Viewing energy supply require- 
ments globally tends to obscure such differential aa and effects. 

It is significant that all of the advanced industrial countries of the 
world (outside of the U. S. S. R.), each of them originally well en- 
dowed with energy sources, have now become energy-deficit nations. 
In international relations as they are today, and as they seem likely to 
remain for some years, it is a matter of economic and strategic impor- 
tance whether the energy base of an industrial economy is predomi- 
nantly dependent on indigenous or external sources. 

Most industrial economies of Western Europe have been and are 
still coal based, although imported fluid fuels have greatly increased 
as a share of total energy consumption. For a variety of reasons, 
most of these coal-based economies in recent years have been unable, 
notwithstanding the general adequacy of coal reserves, to increase 
coal output aiicankty even at higher costs. Subsidies and special 
assistance have become common practice. That coal output will be 
increased substantially, to keep pace with the rapid growth in fore- 
seeable electric-power requirements and other energy needs, has been 
abandoned as a goal of national policy, for example, in the United 
Kingdom.?> Other sources of energy, presumably imported oil and 
coal, will meet most of these growing needs until a new source of 
energy is available on a large scale. 

For the Western European economies which are predominantly 
hydro based, it is probable that the remaining hydroelectric potential 


*See Report of the Committee on National Policy for the Use of Fuel and Power Re- 
sources, September 1952, Cmd. 8647; also The Economist, November 27, 1954, “Energy for 
Success” ; and the British White Paper, A Programme of Nuclear Power, February 1955. 
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will be fully developed during the next few decades. These econ- 
omies, too, will need to increase their rate of imported energy for 
merine enone purposes. Thus, the cost and availability of 
energy for both the coal- and hydro-based economies of Western 
Europe will, sooner or later, be a moderately constraining influence 
on the rate of further economic growth. 

Against this energy background, the characteristically rapid growth 
of electric-power requirements represents both an economic problem 
and opportunity, particularly for advanced industrial economies. 
World electric-power production has increased during the last few 
years at nearly 6 percent annually, a far higher rate than for total 
energy consumption. An approximate doubling of fuels and energy 
production (input) thus is required every 12 years to maintain this 
rate of growth, after allowing for continued increases in efficiency of 
energy utilization. On the other hand, electrification has been for 
many industrial economies of Western Europe an important influence 
counteracting tendencies toward economic stagnation.” Hence, pros- 

ctive limited energy availability, or a marked increase in cost, would 
impair electric power’s contribution to further growth of these econ- 
omies. The same may be said of liquid fuels and their varied appli- 
cations in transport and industry. 

Fuel and energy prospects in the United States seem to imply no 
such high degree of urgency for a new source of energy as do those 
of Western Europe, and perhaps Japan.’ Substantial increases in 
the supplies of coal, oil, and gas can be accomplished here without 
punishing increases in costs of production, transportation, or importa- 
tion. Nevertheless, in the face of a 7-percent annual rate of increase 
in United States electric-power consumption, the absolute level of 
demand in 2 or 3 decades will imply coal consumption for this pur- 

ose alone which is larger than present output of coal for all purposes. 

— estimates that by 1975-80 the total electric-energy production 
of the United States will approach 2,350 billion kilowatt-hours; or 
more than 4 times that in 1954.77 

If, as Sporn assumes, fluid fuels and hydroelectric power each sup- 
ply roughly 10 to 15 percent of the total, the annual coal requirement 
for electric generation will be between 525 and 550 million short tons, 
compared with total coal production of 392 million short tons in 1954. 
Coal may also be needed to supplement gas and oil as a source of fluid 
fuel, and total cost demand could be twice that estimated for electric- 
power generation alone.** Coal reserves in the United States, now 
officially estimated at 1,000 billion tons, evidently are ample for cen- 
turies. (See Coal Resources of the United States, Geological Survey 
Circular 293, 1953.) The high rate of mechanization, the prospects 
for additional technological advances, and the recent improvement in 
the profitability of the industry, suggests substantial flexibility of 
supply accompanied by some increase in cost, but not an inordinate 
rise. The avoidance of a sharp price rise in coal may nevertheless 
present a problem; the main questions for the future are the course 
of technology, wages, manpower supply, and their influence on prices 


* Svennilson, I., Growth and Stagnation in the European Economy, UN Hconomic Com- 
mission for Europe, Geneva 1954, pp. 102-118. 

Sporn, P. The Role of Hnergy and the Role of Nuclear Energy in the United States, 
A. Conf. 8/P/468. 

*® Sporn, op. cit. 
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of coal. In this setting the United States prospects for producing 
oil and gas in the face of rapidly rising demand for fluid fuels sug- 
gests, a8 mentioned earlier, an increase in domestic costs, but mod- 
erated by the influence of larger imports of oil and of petroleum 
products available from the large reserves of oil shale. 

For the industrial economies of Western Europe, the fission process 
and nuclear fuels could constitute an important additional source of 
energy, When nuclear power can be generated in central stations at 
costs in the competitive range. As we have seen, conditions are ripe 
for its early introduction. The urgent need and motivation exist; 
capital is generally available; technical knowledge is already present 
or available; and governments have recognized the potential contribu- 
tion of nuclear fuel and power. In this setting it is reasonable to ex- 
pect, as indicated by the Paley Commission in 1952, that nuclear power 
on economic grounds would have earlier wide application in the 
high energy cost industrial economies of Western Europe than else- 
where. * ‘There are of course high energy cost regions within the 
United States and other countries having ample capital and no for- 
eign-exchange difficulties, where nuclear powerplants would also be 
more immediately practicable. 

With this background we can glimpse some of the potential contribu- 
tions of economic central station nuclear power over the next few 
decades to the growth of the advanced industrial economies of Western 
Europe, Japan, and also, in time the United States. 

First, nuclear fuel would moderate or forestall the evident tendency 
for conventional fuel costs to rise, but it is unlikely to reverse the trend 


because major segments of energy consumption cannot be met practi- 
cally by central station electric power. 

Second, nuclear power would, even without lowering the cost of gen- 
erating electric power, provide a means of meeting the growth in 
power requirements without increasing further the burden on existing 
domestic ees of fuel. This could increase national product 


substantially more than the sum required to increase the supply of 
energy through nuclear power. 

Third, for those industrial economies dependent largely or entirely 
upon external sources of boiler fuel, low-cost nuclear power would 
reduce growing annual foreign exchange requirements for fuel. 

Fourth, economic central station nuclear power would tend to re- 
duce the present wide geographic differences in costs of generation 
within and between countries. Existing geographic differentials are 
larger and impose greater obstacles to future economic growth in par- 
ticular regions than the reasonably anticipated steady increase in fuel 
costs over the next few decades. 

Fifth, since transport costs of nuclear fuels will be negligible, the 
location of central station powerplants would provide an additional de- 
gree of freedom in meeting the needs of energy-intensive industries 
which are — oriented. Low-cost nuclear power in some special 
cases would encourage a change in technical processes and a shift in 
plant location.” 


™PMPC Vol. I, p. 128. 
"8. H. Schurr and J. Marschak, Economic Aspects of Atomie Power, 1950. 
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These varying and interrelated influences evidently can occur only 
over a ootion of years. The long design and construction period, the 
large quantities of capital required, and the heavy existing investments 
in conventional powerplants and their supporting sources of fuel are 
limiting factors. They indicate that nuclear powerplants, in meeting 
a growing part of the increment in rapidly rising electric-power re- 
quirements, would have only limited impact on the fuel and energy 
economies of the advanced industrial nations during the next decade. 
Nevertheless, some of these influences will cast their shadows ahead 
by appearing in the anticipatory plans and actions of fuel and energy 
suppliers, thus contributing to economic growth before a significant 
part of electric-power consumption comes from nuclear fuels. 

This brief discussion has been focused on central station nuclear 
power in the next few decades. Little attention has been given, first, 
to nuclear fuels as a centuries-long source of energy and, second, to 
nuclear energy in the general sense of a ramified new technology, of 
which central station nuclear power is one segment. Through dis- 
covery of the fission process, man has brought within his reach an 
enormous, though not limitless, source of energy. One very rough 
estimate indicates that the apparent world reserves of source materials 
(natural uranium and thorium) represent a heat content more than 
25 times that of the economically recoverable world reserves of coal.” 
Far beyond the next few decades, when the reserves of fossil fuels may 
have sharply diminished, nuclear fuel, bred up to the limits of source 
material, could become an indispensable source of energy, should the 
economic conversion of nuclear energy by the fusion process not prove 
feasible in the foreseeable future. These observations are speculative, 
yet the economic implications of nuclear energy are of this order look- 
ing no further ahead than the next few decades. The availability of 
an adequate supply of energy to maintain economic growth is thus 
assured. 

Nuclear energy may become more than a ubiquitous source of heat 
for the production of central station power, in itself of great economic 
importance as we have seen; if it also contributes to economic welfare 
through the application of radiation and radioactive materials on a 
large scale, then the economic history of other energy sources is only 
partly relevant. It is pertinent and suggestive, that conventional 
fuels, subjected to revolutionary advances in science and technology, 
have provided important economic benefits separate from their use 
as a source of heat for power. Moreover, the record of such compa- 
rable advances in technology as the steam engine, electricity, internal- 
combustion engines, electronics, and others, shows that these combined 
with concurrent advances in science and technology to yield mutually 
reinforcing impulses toward further economic growth. It would be 
sheer speculation to attempt describing the possible conjunction of 
nuclear energy with other technical innovations, but that a coalescence 
will occur is a certainty, as is partly demonstrated by the widespread 
use of isotopes and the emerging applications of high intensity radia- 
tion. These applications of nuclear energy, it is worth noting, repre- 
sent uses in which special technical attributes are far more determining 
than cost in the calculus of economic utility. 


* Putnam, Energy in the Future, pp. 210-214. 
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The potential contribution of nuclear energy in all its aspects is 
indeed incalculable. Technological development of nuclear power, 
and other nuclear-energy applications, therefore, justifies a large, sus- 
tained attack motivated by recognition of the eatin economic 
needs of both the developed and underdeveloped areas of the world. 
The means of making these advances in nuclear technology available 
to the populous, underdeveloped areas of the world is a aoa em requir- 
ing a degree of ingenuity and resourcefulness not suggested by historic 
precedents. The rewards of meeting this challenge successfully go 
far beyond the scope of an economic analysis of energy in the advanced 
industrial countries. 


TaBLE A.—Per capita national income, gross energy consumption, and electric 
power production for selected countries, 1952 


Per Per | r | Per 


ita ta | capita 
Per capita op Per capita | SP 
capita | electric | “Sore? capita | electric | °Derey 
Income | produc- | SUD- national| power | samp. 
(United . tion tion ° ten | tion 
States | (kilo- | , “metric States | (kilo- |, (metric 


_ | tons coal att. |vons coal 
dollars) a equiv- dollars) | watt equiv- 


alent) alent) 


1, 378 ; 384 . 81 


Luxembourg 
Mexico 
Netherlands 
New Zealand ! 
Norway 


Den canteen pom ; 

Dominican Republic. ‘ Philippines 

Ecuador ’ Portugal 
Puerto Rico 





Switzerland__........- 
Turkey 

South Africa ! 

United Kingdom 
United States 
Venezuela 


1 1952-53. 

1 For Belgium and Luxembourg combined, per capita gross energy consumption was 3.80 metric tons coal 
equivalent. The corresponding per capita national income figure was 683. 

3 Not available. 

‘ Federal Republic and West Berlin. 

5 1951-52. 


Source: Per capita national income figures (except that for Chile, which was substantially revised) and 
energy figures from appendix table B of A/Conf. 8/802. 

Per capita electric power production figures derived from population and wer production figures 
appearing in table 1 and 121, respectively, of Statistical Yearbook, 1954, United Nations, New York, 1954, 
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TasBLe B.—Fuel costs* at selected localities, 1952 


Location 


Uruguay, Montevideo United States, Boston 
British Guiana, Georgetown. do 86 || Union of South Africa, 
Philippine Islands, Manila_} Fuel oil Capetown. 
008. Fawn United Kingdom, Edin- 
burgh. 
Australia, Newcastle_......|.-...do 
United States: 


Minnesota. 
San Diego 
India, Assam I ie saci! 
United States, Minnesota...| Natural gas_ 
Fuel oil_.... 50 |} Peru, Lima Fuel oil. ...- 
New Zealand, North Island_| Coal__._..-- Iraq, Baghdad 
do- 243 || United States, Pittsburgh-. 
Turke Union of South Africa, 
United Kingdom, London--| Coal Johannesburg. 
Germany, West 








Source: Teitelbaum, P. D., International Fuel Costs, staff paper, Peacetime Atomic Energy Project, the 
National Planning Association, Washington, D. C., August 1955, 


1 The costs shown are derived from published statistics on railroad fuel consumption, electric powerplant 
fuel consumption, or directly from quoted sales values. 
31 


31951. 


ComMUNICATION From Panet to Atomic Enrercy ComMMIssION 
SEPTEMBER 27, 1955 


* * * In accordance with our arrangements, we provided you with 
a series of questions which the panel considered pertinent in pointing 
up some of the problems connected with the impact of nuclear power. 
During the portion of the panel’s discussion in which you participated, 
many of these questions were answered. We would now appreciate 
your review of the list of questions and ascertain whether you Zoe to 


amplify answers already given by you and whether it is possible to 
provide answers to the questions which still remain unanswered. 


ComMMUNICATION From Atomic ENErGy ComMIssion 
Ocroper 31, 1955 


As requested in your letter of September 27 * * * attached are the 
answers to the questions which you posed * * *., 

1. What is the best estimate you can give on the number and size of 
power reactor experiments or demonstration reactors which will be 
either in operation or under construction during the period 1955-1960? 

There is a difference in concept between reactor experiments 
which are relatively small-scale reactors designed to provide tech- 
nological and engineering information which can serve as a basis for 
the full-scale plants and demonstration reactors which are considered 
to be prototypes of full-scale reactors which, while not economically 
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conipetitive, will provide data on the economics and engineering manu- 
facturing problems of commercial scale reactors. 

We have underway reactor experiments as follows: 

Sodium reactor experiment (SRE), 20,000 TKW. 
Experimental boiling water reactor (EBWR), 20,000 TKW. 
Homogeneous reactor experiment No. 2 (HRE-2), 5,000 TKW. 
Experimental breeder reactor No. 2 (EBR-2), 62,500 TKW. 

In addition, we plan to initiate reactor experiments soon on the 
organic moderated reactor (OMR), the liquid metal fueled reactor 
(LMFR), and possibly others. 

These experiments are of finite duration. For example, two earlier 
experiments, the experimental breeder reactor No. 1 Se R-1) and the 
homogeneous reactor experiment No. 1 (HRE-1) already have been 
carried out. The EBR-1 is still in operation and probably will con- 
tinue in operation for a few months. The HRE-1 has been dismantled 
in preparation for HRE-2. 

Including the six experiments cited, it is expected that about 12 
reactor experiments will be underway or will have been completed 
by 1960. Still others may be under construction by that time, either 
under AEC or industrial sponsorship. 

At the present time there are proposals for 6 prototype power re- 
actors and 1, the pressurized water reactor under construction under 
AEC sponsorship, a total of 7. These are as follows: 

>ressurized water reactor (PWR), 60,000 to 100,000 EKW 
to be in operation in 1957. 

Commonwealth Edison, boiling water reactor, 180,000 net 
EKW to be in operation in 1960. 

Detroit Edison and Associates, fast converter, 100,000 EKW 
gross to be in operation in 1959. 

Consolidated Edison of New York, pressurized water, 236,000 
net EKW, 140,000 EKW nuclear, to be in operation in 1959. 

Pennsylvania Power & Light, aqueous homogeneous reactor, 
150,000 EK W net in operation in 1962. 

Consumers Public Power District of Nebraska, sodium graphite 
reactor, 75,000 EKW net, to be in operation in 1959. 

Yankee Atomic Electric Co., pressurized water, 134,000 EK W 
net, to be in operation in 1958. 

These 7 reactors represent about 850,000 net EK W of nuclear power 
generation. Although these may not all go ahead as planned or pro- 
posed, it seems likely that other projects may develop. 

In addition, the AEC is actively seeking to encourage the develop- 
ment and construction of small nuclear powerplants, 5,000 to 40,000 
net EK W, through the power demonstration reactor program and it is 
expected that a number of small plants may result from this. 

The figures used as a basis for the April 1, 1955, talk on “Nuclear 
power industry development” still appear quite reasonable for the 
period up to 1960. These figures (which could not be read from the 
charts because of the scale) were: 


End of Year 


United States capability, millions EK W 
Nuclear capabilities, thousands EK W ‘ 
Nuclear plants started in each year, thousands EK W 630 
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Said somewhat differently, the estimate was that by the end of 1960 
there would be 1,160,000 net EK W of nuclear power generating capa- 
bility in the United States plus 2 million net EKW then under con- 
struction. 

These estimates are based on successful results from an imaginative 
and aggressive research and development program, a climate favor- 
ing industrial investments in atomic energy, and a psychological fac- 
tor lending to confidence in the future economics of nuclear power- 

lants. 
r 2. After the demonstration or power reactor experiment program 
covering the period 1955-60, what further construction of demon- 
stration or experiment power reactors do you foresee ? 

It does not appear likely that the power reactors in operation by the 
end of 1960 will be truly economic though they may be approaching it. 
Additional full-scale reactors will undoubtedly be required to estab- 
lish actual attainment of competivity. These reactors may be built 
with or without AEC sponsorship and assistance but they might be 
called “demonstration” or “prototype” reactors until they are actually 
demonstrated to be competitive. Reactors fitting this definition will 
usually be a necessary step for a new type of power reactor or a variant 
of an old type. 

The construction of “reactor experiments” by industry and the AEC 
seems destined to continue as a necessary stage in the Savers of 
new types of power reactors as long as the scientists and engineers 
invent new types of reactors. There seems to be little basis for assum- 
ing that we now know all types of reactors which may be worthwhile 
or that we will in 1960. It would not seem unreasonable to postulate 
a continuing development effort of about the present size or some- 
what larger but with more of the responsibility on the manufacturing 
industry. 

3. Do you believe a continuous program of construction of demon- 
stration reactors will be required during the next 15-year period or 
will it be possible that. the first group of such reactors, which is now 
either under design or construction, will provide sufficient basic data 
for ascertaining whether nuclear power can be made competitive with 
conventional plants for central station installations? 

As mentioned above, it does not seem likely that the first “genera- 
tion” of nuclear powerplants will solve all the problems of attaining 
economically competitive nuclear power. Even though this goal is 
achieved in limited areas there will be an increasing incentive to widen 
the area of application geographically and sizewise and to attain not 
just competitive but cheaper power. ‘The program in response 
to such demands will include “demonstration” or “prototype” nuclear 
powerplants just as these are built in the conventional power field to- 
day. It is likely that industry will bear most of the technical and 
financial responsibility for such programs after 1960. 

4. Taking into account demonstration reactors, reactor experi- 
ments and other reactors constructed for the purpose of producing 
power, what is your best estimate of the total alone energy power 
capacity in the United States for 1960? 1965? 1970? 

The answer to this question is given in the answer to question No. 1 
above. Reactor experiments are not included in the totals since 
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they are not permanent. No attempt is made to distinguished “demon- 
stration” and “commercial” reactors. 

5. Can you provide us with either an average figure or a range of 
figures for the amount of power one can, under present technology, ex- 
pect to extract from a power reactor per kilogram of fissionable ma- 
terial actually in the reactor? 

The material presented by the Operations Analysis Office incorpo- 
rates not only their thinking on this subject but ours as well, so I will 
not attempt to present any independent figures. 

However, it should be stressed that any such figures are very ques- 
tionable since they depend not only on the technology but also upon 
the amounts of material available and their prices. The amount of 
material in the reactor does not, in most cases, turn out to be the sig- 
nificant quantity. The amount in the whole system is touahiveahlg 
larger. The overall requirements will change with the type of reactor, 
the fabrication and processing plant procedures, the load factors, etc. 
The amounts will decrease as the industry matures and technolo 
progresses. Different types of reactors will come into mutual equi- 
librium over the years and the equilibrium will change depending on 
many of these same factors. 

Perhaps one way to put it is that the materials requirements will gen- 
erally be such that the cost of the fuel materials is not much in excess 
of 1 mill per kilowatt-hour. 

6. Would you say that, as a result of the present demonstration re- 
actor program, it is likely that the number of kilograms required for 
the United States program you have estimated will be reduced ? 

Any program for accelerating the development of nuclear pow- 
er will increase the materials requirements as well. The decrease in 
the requirements in terms of kilograms of uranium per electrical kilo- 
watt of capability will depend upon technological progress which we 
believe is aided by the power demonstration reactor program. 

7. Would expansion of the demonstration reactor program signifi- 
cantly change the probability of reducing the requirement for fission- 
able material? How long might it take for the change to become 
apparent ? 

The same comments as those made in response to question No. 6 
apply here. 

It is difficult to say how long it would be before a change became ap- 
parent because there is no base point for the program without the 
power demonstration reactor program. Industrial developments of 
this magnitude will take a considerable amount of time and any di- 
rectional effect may take 3 or 4 years to make itself evident. 

The principal hazard of an accelerated program is that one might 
be pushing developments too fast for their present stage. We do not 
believe this is true in the field of nuclear power but there are limits 
to how fast it can be accelerated and expanded with profit at the 
present time. 

_ 8. Would expansion of the research reactor program and the estab- 
lishment of a number of research reactor centers in the United States 
significantly improve technology so as to change the probability of 
reducing the requirement for fissionable material ? 

One always hopes that research will result in new ideas which will 
have practical application though it is not possible to predict or guar- 
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antee such results. The expansion of the research reactor program 
and the establishment of research reactor centers would certainly 
improve the likelihood of useful new ideas in the reactor field and 
would provide more scientists and engineers for this field. Some of 
the discoveries or inventions resulting might reduce materials require- 
ments significantly. Even more fundamental benefits may also result. 

9. Are there any other measures for improving technology which 
you can suggest that might significantly change this figure? 

The materials requirements are a part of the economic picture of 
reactors and at present prices the materials do not constitute an in- 
superable economic barrier. This is a fortunate happenstance—not 
the result of any law of nature. Our problems lie more in other 
fields today than in those of reducing materials requirements as a 
result of this situation. The only exception may be said to be the 
fast reactor where materials requirements are extremely high. How- 
ever, the answer to this problem in the fast reactor lies mainly in the 
areas of materials and heat transfer. We are seeking to expand our 
efforts in these fields. 

Reactors such as the aqueous homogeneous reactor have relatively 
low materials requirements but by the time they reach equilibrium 
these requirements are not as low as might appear at first. 

10. In your opinion is there any limitation imposed on the expansion 
of the nuclear power program by reason of a conflict in demand for 
fissionable materials ? 

If one considers the proportion of the materials available then it 
should be a considerable period of time before the materials require- 
ments of the nuclear power industry amount to a very large fraction 
of the overall materials available. 

On the other hand, if the military requirements are set at what is 
available, then there will be a conflict from the start. 

Present and projected supplies of uranium plus the isotope separa- 
tion capacity available would support a very large nuclear power in- 
dustry, unlikely to be attained in the United States during the next 
20 years or so, if solely used for nuclear power purposes. 

11. If we were to assume that a requirement existed for introducing 
nuclear propulsion into all of naval ships, what size demand would be 
created ? 

I do not have figures on the horsepower of various classes of naval 
ships going under construction in current years. It would represent 
a considerable installed horsepower, but a much lower load factor. 
The materials requirements would be relatively high for inventory due 
to smal] reactors and the highly enriched material used. Details can 
probably be obtained from Rear Adm. H. G. Rickover if required. 

12. Would such a naval ship program be more or less likely to bring 
akout more economical nuclear power at an earlier date than under 
the present demonstration or experiment power reactor program ? 

Such a naval ship program would be most unlikely to bring about 
economic nuclear electric power at any time due to the vastly different 
objectives of such a program. The naval reactors technology is use- 
ful to the nuclear electric-power program and, in fact, constituted a 
large fraction of available technology but a year or two ago. In 
the naval reactor program one wants the best performance regardless 
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of the cost, absolute reliability is desired, the plants must operate 
under all aspects of ship and sea conditions, must resist battle damage, 
ete. 

The writer is of the opinion that economic nuclear powerplants will 
only be achieved by working on and developing such plants—not by 
working on other types of plants whether they be for military pro- 
yulsion or production. These contribute to the solution but it cannot 
a attained by such programs alone. 

13. What would your opinion be on the effect of a greatly expanded 
military package power-reactor program with respect to bringing 
about more economical nuclear power at an earlier date than under 
present programs? 

If this question implies the substitution of a military package power- 
reactor program for existing power-reactor programs, then the answer 
is the same as that to question No. 12. However, the military package 
power-reactor program is closely related to the development of small 
power reactors and probably bears the closest relation to the civilian 
program of any of the military programs though only in the small 
reactor field. The technology is of great interest and some of the 
types of reactors developed may be of considerable utility in the 
civilian power reactor field. The small power reactors represent a 
more difficult economic problem than large power reactors and the 
military reactors will probably have to be simplified and made much 
cheaper before any civilian use can be made of them. 

14. In order to verify the proportion of the total capital costs or 
operating costs represented by nuclear fuel in power reactors, would 
it be possible for you to estimate the total capital investment which 
might be involved in constructing the powerplants which might be in 
operation during the period 1955-70? 

Excluding the cost of auxiliary facilities such as fuel element fabri- 
cation plants, chemical processing plants, etc., I would guess that the 
average investment cost for the nuclear powerplants in operation in 
1960, 1965, and 1970 would be about $300, $250, and $200 per kilowatt 
respectively. The newest and best plants finished in each year would 
be substantially cheaper. 

On this basis the figures of question No. 1 can be used to give nuclear 
powerplants investments as follows: 


These numbers represent the value of finished plants and additional 
amounts would have been spent by the years in question for plants still 
under construction. 

15. What would you estimate to be the investment (using published 
prices for fissionable materials) of the fissionable material in the 
reactor loads of these plants? 

The total value of the fuel material inventory for the nuclear power- 
plants is expected to be about 10 or 15 percent of the investment cost 
of the nuclear powerplants themselves. 

16. Recalling certain remarks at Geneva by scientists from other 
countries, would you give your opinion on how long it might take to 
make uranium 235 and uranium 233 or plutonium interchangeable as 
fuels for nuclear reactors? 

70101—56—-vol. 2-6 
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There are two problems here; the use of U-233 and plutonium in 
power reactors, and the design of reactors to use one or another fuel 
material interchangeably. 

It should be made clear that there is only one primary nuclear fuel, 
U-235 as contained in natural uranium. U-233 can be made by cap- 
ture of neutrons from U-235 in thorium, or Pu-239 can be made by 
capture of neutrons from U-235 in uranium. Thus one must always 
start with natural uranium. 

The difficulties associated with the use of plutonium as a reactor 
fuel are being investigated though this work has been late in getting 
started and requires further acceleration. The difficulties are ones of 
the hazard and the metallurgical properties of plutonium. The same 
is largely true of U-233 though the metallurgy is the same as for any 
other uranium ee Although methods of making fuel 
elements containing U-233 or plutonium can be found there is still a 
large question as to the cost of this fabrication. 

he design of reactors to use first one fuel and then another is 
difficult inasmuch as the physical constants and physical properties 
of the various nuclear fuels are so dissimilar. The design of such a 
reactor will inevitably represent a less-than-optimum compromise. 
Some types of reactors will be much more flexible in this regard than 
others. 7 

In general, it would appear desirable to design reactors for one 
nuclear fuel or perhaps some mixture without trying to arrange for 
a change in the fuel. 

17. Is ay of uranium 233 and uranium 235 likely to 
come before interchangeability of plutonium and uranium 235? 

Not necessarily or even probably. This will depend to a very large 
extent on the prices and the demand. There are other factors too. 
Pu-239 has considerable advantage over U-235 in a fast reactor but 
none in a thermal reactor. U-233 has an advantage over U-235 in a 
thermal reactor but none in a fast reactor. 

18. Would you express an opinion as to whether or not such inter- 
changeability might be proven out? 

Interchangeability in terms of being able to use U-233 and plu- 
tonium as fuels will unquestionably be proved out. At same price for 
U-233 and plutonium, the so-called fuel value, it will be economic in 
comparison with U-235. 

In the sense of designing reactors to really use the fuels, one instead 
of the other, I have > asc that many will be designed this way. It 
is probably feasible technically but does not look like the most eco- 
nomic way to design most reactors. It might prove expedient at the 
start, but even this does not look very attractive. 

19. If interchangeability of fissionable materials can be accom- 
plished, by what factor would the requirement for additional uranium 
235 for refueling power reactors be reduced ? 

This is a difficult question to answer as no one can say what the 
requirements for uranium will be even if U-233 and plutonium cannot 
be used as fuels. It is perhaps a fair guess to say that it is doubtful 
that more than 0.5 to 1.9 percent of the natural uranium can ever be 
fissioned without utilization of fuel elements containing recovered 
plutonium or U-233. 





PEACEFUL USES OF ATOMIC ENERGY 65 


How much this can be increased with use of U-233 and plutonium 
is difficult to say since it will depend upon a variety of factors, tech- 
nological and economic. The ultimate conversion of from 25 to 50 
percent of available uranium and thorium may not be unreasonable 
for the distant future. Systems which give utilizations of from 2 to 
10 percent may be about all that can be justified in the next 20 years 
or SO. 


CoMMUNICATION From Pane, to Atomic ENERcy ComMMISSION 
Ocroper 27, 1955 


The panel would be interested in an indication of the proportion 
of Government and private funds currently being expended under 
each contract (related to the peaceful uses of atomic energy), together 
with the name of the private organization, the date on which the con- 
tract became effective, and a brief statement of the purpose or objective 
of each such contract. 


CoMMUNICATION From Atomic Enreray Commission 
NoveMBER 22, 1955 


This replies to your letter of October 27, 1955, in which you request 
a list of all currently effective contracts, now in force with private 
organizations, related to the development of the peaceful uses of 
atomic energy. 

In accordance with your telephone conversation with Mr. H. L. 
Price, it is understood that you desire to have a listing of all nuclear 
power reactor projects, showing the proportions of private and govern- 
mental funds involved in each such project and, with respect to those 
involving private funds, the name of the participating company or 
organization. 

; — is enclosed herewith a schedule of these projects grouped as 
ollows: 
Group I—Those to be financed wholly by AEC. 
‘ = II—Those involving both governmental and private 
unds. 
Group I1I—Those which will be financed wholly by private 
capital. 

No AEC licenses are involved, of course, in the projects listed in 
group I of the schedule. Similarly, no licenses will be involved in 
the pressurized water reactor, the sodium reactor experiment, or the 
organic moderated reactor experiment (items 1 to 3, inclusive, of 
group II) since in each case the reactor will be Government-owned. 
All other projects listed in the schedule will require licenses and, as 
you know, applications have already been received from Consolidated 
Edison Company of New York and Commonwealth Edison Co., 
Chicago. 





PEACEFUL USES OF ATOMIC ENERGY 


Schedule of power reactor projects 
GROUP I—WHOLLY AEC FINANCED 


Description = Date of authority 
wtitions) 
aoa 


1. Boiling water reactor experiment:! | 
Research and development--.-.--- $16.1 | July 1953_- Sargent & Lundy: atomic 
energy. 

Experiment fabrication........__- 2.6 University of Chicago: de- 

velop, design, fabricate, 
and operate. 

Construction— Building ; Sumner Sollet Co.: building 
construction. 





2. Fast power breeder reactor: ! 
Research and development : j University of Chicago: de- 
sign, develop, and operate. 


Construction of EBR-II_..-.. ‘ Construction contractor: not 
selected. 


3. Homogeneous reactor experiment: ! 
Research and development-_.-__- ; Union Carbide Nuclear Co.: 


Experiment fabrication—HRE ; design, develop, fabricate 
No. 2. and operate. 


GROUP II—PROJECTS INVOLVING BOTH GOVERNMENTAL AND PRIVATE FUNDS 





1. Pressurized water reactor, meine | 
constructed under contract with 
Duquesne Light Co. and Westing- 

house Electric Co.: | 

‘ : 25 March 1954... ...| Westinghouse: design, de- 
Westinghouse ' velop, and construct the 


Duquesne nuclear portion. 
ee Duquesne: construct non- 
Total construction “ nuclear portion and oper- 
Construction, nonnuclear por- ate total plant. 
tion: 
Duquesne 
Research and dev elopment, 
AEC. 


I 2 107. 35 | 


2. Sodium reactor experiment: ! 
Research and development 8.4 | July 1953 North American Aviation: 


Fabrication of experiment design, develop, fabricate, 
Equipment : and operate. 


AEC participation 
NAA participation... .......--- mi 


3. Organic moderated reactor experi- | October 1955- ...| To be selected. 
ment, research and development. | 


1 The cost shown for the 5 reactors designated above represents cost from July 1953, since this was the 
date on which the 5-year program was formalized. During the period prior to July 1953 costs were incurred 
as follows (millions): 

Boiling water reactor_-...-.-- ded cheek da abadis web tbted beukieed aadoe cbatiddtensyitedl etched 
Homogeneous reactor 

Fast power breeder reactor.............................. peoccseasesedeueeeuretecewtaabametaes 
Sodium graphite reactor 

Pressurized water reactor 
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GROUP II—PROJECTS INVOLVING BOTH GOVERMENTAL AND PRIVATE FUNDS—Con. 


Esti- 
Description — Date of authority 
millions) 


4. Fast breeder reactor to be constructed 
by Detroit Edison et al.: 
AEC participation 3.45 | Proposal approved by | Tentative design by Atomic 
Detroit Edison participation 55.0 AEO on Aug. 8, Power Development Asso- 
1955, as a basis for ciates. Construction con- 
EL, a clkken pehaennneatapagnenaien 58. 45 negotiation. tractor not selected. 
5. Sodium graphite reactor to be con- 
structed by Consumers Public 
Power District of Nebraska: 
AEC participation ; Revised yroperel ap- | North American Aviation, 
Consumers participation 72 proved by AEC on Ine. 
—_————— Oct. 26, 1955, as a 
basis for negotiation. 
6. Pressurized water reactor to be con- 
structed by Yankee Atomic Elec- 
tric Co.: 
AEC participation 7.5 | Under consideration | Design by Westinghouse. 
Yankee participation : by_AEC. ee by Stone & 
—_—— ebster. 


GROUP ITII—WHOLLY PRIVATELY FINANCED 





1. Pressurized water thorium-uranium ‘ License application pending. 
converter reactor to be constructed 
by Consolidated Edison Company 
of New York as a licensee. 
2. Dual cycle boiling water reactor to be 
constructed by Commonwealth 
Edison Co., Chicago, as a licensee. 


CommMuNICATION From Atomic ENercy Commission, DrecemBer 28, 
1955 


In accordance with your request, I am enclosing a list of the power 
reactor projects proposed to be constructed under the power demon- 
stration reactor program and a list of similar reactors proposed to. 
be constructed and financed by private companies under license. These 
lists include participating companies where applicable as well as the 
name ef the manufacturer. 

In addition to the two power-demonstration projects listed, Yankee 
Atomic Electric Co. has submitted a proposal, under the same pro- 
gram, which is now pending. The participating companies are as 

ollows: 

New England Power Co., Boston, Mass.; Connecticut Light & 
Power Co., Hartford, Conn.; Boston Edison Co., Boston, Mass. ; Cen- 
tral Maine Power Co., Augusta, Maine; Hartford Electric Light Co., 
Hartford, Conn.; Connecticut Power Co., Hartford, Conn.; Western 
Massachusetts Electric Co., Greenfield, Mass.; Public Service Com- 
pany of New Hampshire, Manchester, N. H.; Montaup Electric Co., 

Fall River, Mass.; New Bedford Gas & Edison Light Co., New Bed- 
ford, Mass. ; ; Cambridge Electric Light Co., Cambridge, Mass. ; Central 
Vermont Public Service Corp., Rutland, Vt. 
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INDUSTRIAL PARTICIPATION IN POWER DEMONSTRATION REACTOR PROGRAM 


(a) Detroit Edison Co. & Associates 

1. Owning and operating company: Power Reactor Development 
Co., Detroit, Mich. 

2. Companies associated in proposal: Alabama Power Co.; Allis- 
Chalmers Manufacturing Co.; the Babcock & Wilcox Co.; Burroughs 
Corp.; Central Hudson Gas & Electric Corp., Poughkeepsie, N. Y.; 
Cincinnati Gas & Electric Corp., Cincinnati, Ohio; Souibeeation Engi- 
neering, Inc.; Consumers Power Co., West Jackson, Mich.; Delaware 
Power & Light Co., Wilmington, Del.; Detroit Edison Co., Detroit, 
Mich.; Georgia Power Co.; Gulf Power Co.; Holley Carburetor Co.; 
Long Island Lighting Co., Mineola, N. Y.; Mississippi Power Co.; 
Philadelphia Electric Co., Philadelphia, Pa.; Potomac Electric Power 
Co.; Rochester Gas & Electric Corp., Rochester, N. Y.; the Southern 
Co.; Toledo Edison Co.; Westinghouse Electric & Manufacturing 
Co.; Wisconsin Electric Power Co. 

3. Manufacturer: Not yet selected. 


(6) Consumers Public Power District of Nebraska 
1. Manufacturer: North American Aviation, Inc. 


PRIVATELY FINANCED POWER REACTORS TO BE CONSTRUCTED UNDER 
LICENSE 


(a) Consolidated Edison Company of New York, Inc. 
Manufacturer: The Babcock & Wilcox Co. 


(6) Commonwealth Edison Co. 


1. Companies associated in the project: Commonwealth Edison Co, 
is the applicant for licenses. However, the application reflects that 
the following companies are associated with Cornea aii Edison 
Co. in the undertaking: American Gas & Electric Service Corp., 
Bechtel Corp., Pacific Gas & Electric Co., Union Electric Company of 
Missouri. The five firms are referred to as the Nuclear Power Group. 

2. Manufacturer: General Electric Co. 


Impact OF THE PEAcEFuUL Uses or Atomic ENERGY ON THE CoAL, O1- 
AND Naturat-Gas InpustTRIES 


Submitted by Department of the Interior, January 13, 1956 
FORBWORD 


The attached statements, one on the impact of atomic energy on 
the United States coal industry and the other on the impact of atomic 
energy on the oil- and natural-gas industry, were prepared for the 
Panel on the Impact of the Peaceful Uses of Atomic Energy, Joint 
Committee on Atomic Energy, in accordance with outlines provided 
by the panel. They summarize present opinion of experts in these 
industries. 

The panel provided also the estimates of future electrical-generat- 
ing capability to be used in the analyses, as well as the estimate of 
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the growth of atomic energy. Two forecasts of generating capability 
were given: 

Series I: September 19, 1955, forecast of Electrical World, 1955-70, 
projected by the panel to kilowatt-hours generated, on the basis of 
an operating factor of 4,500 hours a year. This projection averages 
approximately 7.3 percent increase annually, and is projected by the 
panel after 1970 at 614 percent. 


Billion 
kilowatt- 
hours 


Million 
kilowatts 


752 
1,044 
1, 440 
1, 970 
2, 700 


Series II: Estimated Future Power Requirements of the United 
States, 1954-80, Federal Power Commission, October 1955, projected 
by the panel to kilowatt-hours generated, on the basis of an operating 
factor of 4,500 hours a year. The Federal Power Commission fore- 
cast, given in terms of peak load, has been converted to ne 
capability at the ratio of 1.00 to 1.15. It projects an average annua 
increase in generating capability of about 4.9 percent. 


Million kilo- | Billion kilo- 
watts watt-hours 


720 
920 
1,120 
1, 354 
1,610 


The forecast of installed nuclear electrical generating capability 
presented the panel by a special study group is as follows: 


Million Billion kilo- 
kilowatts watt-hours 


Hydroelectric capability is assumed to be 25 million kilowatts in 
1960, and its increase thereafter is projected by the panel at the rate 
of 5 percent of increase in total capability. 

The three conventional fuels—coal, oil, and natural gas—are inter- 
related for a number of uses. Estimates of the impact of atomic 
energy on any one of them are thus influenced by assumptions as to 
future trends in use of the other two. No absolute conclusion can be 
drawn, unless it be that for the next 20 to 25 years the demand for 
energy will be so great that even with atomic energy the country will 
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need all the oil and gas it can reasonably produce. The outlook for 
coal will be influenced as much by its competitive position with respect 
to oil and gas as it will by atomic energy. 
Charts I, II-A and II-B, which show the past record of the con- 
ventional sources of energy, and chart III, which shows the impacts in 
earlier years of new sources of energy on the then conventional fuels, 
provide a useful perspective on the present study. Table 1 shows the 
distribution of energy among the various major sources in 1954. 
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WATER POWER, AND ATOMIC ELECTRICITY 


1900 - 1960. 


TOTAL ENERGY 
FROM ALL SOURCES 


IN THE UNITED STATES, 
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Energy reduced to a common basis of heat values as follows: Anthracite, 25,400,- 
000 B. t. u. per short ton; bituminous coal and lignite, 26,200,000 B. t. u. per 
short ton; petroleum, 5,800,000 B. t. u. per barrel; natural gas, 1,075,000 B. t. u. 
per thousand cubic feet. Energy supplied by waterpower and atomic elec- 
tricity ig calculated on the basis of the bituminous coal that otherwise would 
be consumed to generate the same amount of power, taking into account the 
constantly improving efficiency in the burning of coal. Projections are based 
on the forecast of electrical generating capability provided by the Panel on the 
Peaceful Uses of Atomic Energy (Series I) and on the Panel’s forecast of 
nuclear generating capability. 
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Taste 1.—Energy supplied by mineral fuels and waterpower in the United 
States in 1954 


| 
Trillion Percent of 
B, t. u. total 


Total energy supplied --_- 37, 415 
Bituminous coal and lignite 10, 270 
Total coal (including anthracite) a 10, 959 
Crude petroleum 15, 654 
: 9, 353 
Total petroleum and natural gas__-- 25, 007 
Total mineral fuels 
Waterpower 


_ 


eSSREBN5 
Or DOoOnDws © 


The projections shown on chart III compare as follows with those 
made by the President’s Materials Policy Commission: 


{Trillion B. t. u.] 


Paley Com- 
Chart ITI satesion 


Atomic Energy None 
Bituminous coal, 1975 ; ‘ 21, 000 
UI IE: Ae, See Fo a khanna eepeus seinen anebee 29, 000 
OI INN een abe dais hatide ana atheman aioe 16, 000 
Waterpower, 1076........<.2.-.-s:--..-. ee iak de 3, 000 


69, 000 





THE COAL INDUSTRY 


Bituminous coal provides most of the energy derived from solid 
fuels in the United States, and the discussions that follow relative to 
future use are based.on bituminous coal or its equivalent. 


I, RESERVES AND CONSUMPTION 


The term “reserves” as used here means the amount of coal in the 
ground on the date of the estimate, without regard to recoverability. 
It includes reserves in all categories, including measured, indicated, 
and ‘inferred reserves, reserves in both thick and thin beds, and a small 
amount of reserves more than 2,000 feet below the surface. The term 
“economically recoverable reserves” means that part of the total that 
can or may be mined competitively under conditions that are stated. 


(a) United States and world reserves of bituminous coal 

United States coal reserves are estimated at 1.9 trillion short tons, 
and world reserves at 5.5 trillion short tons. The economically recov- 
erable reserves are estimated as follows, at various price levels meas- 
ured in terms of 1954 dollars: 
In the United States: 


Billion short tons at or near present prices 
Additional at 1144 to 1% times present prices 


Subtotal, billion short tons 
Additional at 1% to 4 times present prices 


Total billion short tons at prices up to 4 times present__...__._____ is 
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In the world : 
Billion short tons at or near present prices 
Additional at 1% to 1% times present prices 


Sub total, billion short tons 
Additional at 1% to 4 times present prices 


Total billion short tons at prices up to 4 times present 
Table 2 lists reserves by individual countries: 


TasLe 2.—Hstimated world reserves of bituminous coal, and 1954 production by 
regions and principal coal-producing countries * 


[Millions of short tons] 


Ultimate Reserves 
ona recoverable 
recoverable at or near 
Region and country reserves | present costs 


(1) 


Production (2) +(3) 


660, 000 
556, 380 
35, 737 


4, 160 
1, 265, 475 

North America: 
United States 947, 879 


53, 578 
49, 303 


1, 050, 760 


Portugal 
Others 


7,301 
75 
7,376 


1,375 
291 
223 

1, 889 


World total 2, 754, 711 688, 677, 


1 Brown, Frederick, statistical yearbook of the World Power Conference, No. 4, 1918; No. 5, 1950; Central 
Office, World Power Conference, London, except for United States, Alaska, Colombia, and Brazil. 
(6) Present rates of consumption 


Table 2, showing world production of bituminous coal in 1954, gives 
a measure of world consumption. Production and consumption do 
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not necessarily balance each other on each continent because of ex- 
ports, imports, and stock accumulation, but on a world basis produc- 
tion and consumption are essentially equal. 
(c) Present principal uses of coal in the United States and relative 
significance of each 
Table 3 shows the principal uses of anthracite coal in the United 


States and the relative importance of each use, and table 4 shows 
these for bituminouscoal. See also chart I. 


TaB_Ee 3.—Consumption of anthracite in the United States in 1954 


Thousand 
short tons Percent 


Electric power utilities ! 
Class I railroads 

Coke plants__-.---_- ty 
All other, including exports 


1 Does not include industrial, mine, and railway electric powerplants. 


TABLE 4.—Consumption of bituminous coal in the United States 1946-55 
(estimated) 


1955 | Average 1946-55 inclusive 


Thousands Percent of Thousands 
of short tons total of short tons 


Electric power utilities 140, 000 
Bunker foreign trade 400 
a 3 7). ae : 15, 000 i 59, 600 
Coke plants 108, 000 ; 100, 700 
een enn WI, WE sg ss ec een decsbanee 5, 000 - 7, 500 
Cement mills : 9. 000 : 8, 100 
‘ot, |) ee 90, 000 21. 102, 500 
pene Gener Gaver... =. enn 52, 000 i 77, 700 


419, 400 ‘ 456, 200 
43, 000 


i] 
—= 


SBeeSs. f 
—anweoorn~! 





II, RESEARCH AND DEVELOPMENT 


The small amount of information available suggests that approxi- 
mately $16 million is spent each year in the United States for research 
and process development on all phases of coal technology, including 
exploration, mining, transportation, marketing, and utilization. The 
latter includes combustion, gasification, carbonization, and other proc- 
essing of coal and coal derivatives. More than half this amount 1s 
spent in coal research by chemical companies. 

Before retail markup, the value of the gross national product attrib- 
utable to coal is estimated as $4 billion annually. The outlay for 
research and development is, therefore, 0.4 percent of gross industry 
revenues. 
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(a) Ewpected significant technologic developments 

Significant developments are expected in all phases of the coal 
economy, including mining, transportation, improvement in present 
utilization, and in new or expanded uses. They may be listed as 
follows: 

In mining: 

(4) Teomaned mechanization of underground mining activities, 
as by continuous mining machines and in those mining systems in 
which the whole seam is taken out and no pillars left, excepting 
the shaft pillars and sometimes the main road pillars. 

(6) Improved earth-moving machinery that will render strip- 
mining operations more economical and permit the mining of coal 
lying under deeper cover. — mining is a system of mining a 
seam by removing the overburden of earth to expose the coal, 
which is then mined by conventional earth-moving methods. 

(c) Improved methods of mining coal from the outcrops with- 
out requiring underground operations, as by working a coal seam 
by drilling into it from the outcrops with power-driven augers 
of large diameter. 

In transportation : 

(a) Hydraulic transport, in which the coal is pumped with 
water through a pipeline. 

6) Transport of coal on long conveyor belts. 

ts Location of consuming plants on river and coastal barge 
routes. 

(d) Reductions in rail costs through mechanized handling. 

In utilization : 

(a) Improvements in thermal efficiency of coal-fired boilers. 
Electrical generating plants at present consume about 1 pound of 
coal per kilowatt-hour. This is expected to be reduced by at least 
0.05 pounds per kilowatt-hour for each 5-year period. 

(6) Combustion and electric-power generation at mines. 

Direct conversion of coal into electricity is a possible interesting 
development but one that will not come into fruition until beyond the 
period under discussion. 

In new and expanded uses: 

(a) Expansion in the use of coal for chemicals manufacture. 

3} Conversion to synthetic liquid fuels. 


(c) Gasification. 


Ill, OUTLOOK 


(a) Outlook for coal consumption, assuming no significant inroads 

from atomic energy in any principal use of coal 

The outlook for the coal industry in the United States depends on 
whether one assumes that the oil and gas industry will be able com- 
petitively to supply the demand for these fuels or whether, on the 
contrary, the country will have to use a substantial quantity of syn- 
thetic liquid fuels made from coal. Tables 5 and 6 are projected on 
the assumption that the supply of natural gas and petroleum available 
to the United States, including imports and possibly oil from shale, will 
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be adequate. The figures shown in them for 1975 and 1980 allow for 
a shift from oil and gas to coal in powerplants equipped for multiple- 
fuel use. A few powerplants not so equipped will continue to use oil 
and gas for the remainder of their service lives. The increased con- 
sumption shown for the production of coke reflects the expected in- 
crease in steel production. Incidental use of coal in steel plants, as 
for the generation of steam, is expected to remain about constant 
because of economies in coal use and modest substitution of other 
fuels. The same factors are retarding the use of coal in cement 
production. Other industrial use is expected to decline as a result 
of a continued shift to oil and natural gas, and to the purchase of 
electric power in place of local power generation. 


Taste 5.—Projected United States bituminous coal consumption, assuming no 
atomic energy—Series I 


[Millions of short tons] 


Electric power 
Coke iat 

Steel and cement plants (other than coke) 

Other industrial use 

aan aera cecl nical oak stalin hee soetin eal pve antapinie aad 
Exports 


TaBLE 6.—Projected United States bituminous coal consumption, assuming no 
atomic energy—Series II 


[Millions of short tons] 


Electric power 

Coke 

Steel and cement plants (other than coke) 
Other industrial use 


The coal consumed in the United States for generating electricity 
in 1954 was 115 million short tons. 

To the extent that synthetic liquid and gaseous fuels will be pro- 
duced from coal, this would increase the demand for coal beyond 
the figures given above. In any event, current conditions appear to 
favor oil shale as the first commercial source of synthetic fuel. 


(6) Consensus on— 


1. Impact on the coal industry if electricity can be generated from 
atomic energy in large central stations at a price competitive with 
electricity generated in large coal-fired central stations. 

2. Impact on the coal industry if electricity from atomic energy in 
large central stations becomes technically feasible at some cost below 
the cost of generating electricity from coal. 
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3. The impact on the coal industry if electricity can be generated 
from atomic energy at or below competitive prices for electricity 
generated from coal, in units between 5,000 kilowatts and 30,000 
kilowatts. 

Under the panel’s forecast of nuclear-generating capability and 

roduction, atomic energy competitive with electricity generated in 
fare coal-fired central stations would displace the following approxi- 
mate quantities of coal: 


Assumed pounds 
Million tons of coal per kilo- 
watt-hour 


0. 95 
- 90 
- 85 

80 
75 


Subtracting the hydroelectric and nuclear capabilities from the 
total eisided electrical capability, the net requirement for coal would 
then be as follows: 

[Million tons] 


Series I Series IT 


For all purposes: 
1960 


If, however, as the panel also postulates, electrical energy can be 
produced from atomic plants at a cost lower than from conventional 
coal-fired stations, there would be an incentive to operate the nuclear 

lants as continuously as possible. To the extent that this might 

appen, the amounts of coal displaced would be correspondingly 
increased and the net requirements correspondingly reduced below 
those just indicated. 

Few atomic units between 5,000 and 30,000 kilowatts are likely to 
be installed in lieu of similar units using coal, and the impact on the 
coal industry would be negligible. 

The relation between atomic-powered plants and conventional 
plants in general is discussed on pages 87 and 88. 


(c) The impact on the coal industry if atomic energy should become 
an economically competitive source of propulsive power 


Atomic energy for the propulsion of automobiles, aircraft, com- 
mercial ships, and large-load vehicles would have a twofold effect 
on the coal industry: First, it would reduce the consumption of coal 
that might otherwise be used at that time for synthetic oil production. 
Second, it would release a large volume of oil that would otherwise 
be consumed for propulsion, and this oil would be available to dis- 
wee coal, more or less in the pattern that has prevailed in the past 

ecade, 
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(d) Impact on the coal industry from atomic developments as com- 
pared with the impact from radio transmission of energy or 
an efficient means of converting solar energy to power 

Developments such as radio transmission of energy‘or an efficient 
means of converting solar energy to power may ultimately be as great 
as the development of atomic energy. No significant inroads from 


these developments, however, are expected before 1980, or even 2000 
A.D. 


(e) Consensus on actions which could and should be taken to amelio- 
rate the impact on the coal industry 


The impact is not expected to be severe in the sense that less coal 
will be needed than at present. On the contrary. there will be a net 
increase in coal requirements, even though this increase will be at a 
reduced rate. The increase could be large, to the extent that coal 
may be used for more synthetic chemicals and for synthetic fuels. 
The increase would be hastened if the present low level of research 
in the industries based on coal (0.4 percent of estimated gross income) 
were raised to at least the national industrial average (114 percent). 
The increase in expenditures would be from about $16 million a year 
to $60 million a year. 


IV. IMPACT OF INCREASED ELECTRIC POWER DEMAND ON COAL RESERVES 
AND MANPOWER 


Applying the coal requirements stated on page 78 for the period to 
1980, and 1980 production rates thereafter, United States bituminous 
coal reserves recoverable at or near present mining costs would be 
equivalent to about 250 years of production, assuming series I elec- 
trical energy projection, and to 425 years assuming series II projec- 
tion, as compared with 575 years under present rates of production. 

United States production of bituminous coal now averages 9 tons a 
man-day. In the most efficient mines, production amounts to 20 tons 
a man-day for underground mines and 40 tons a man-day for strip 
mines. Productivity is expected to increase at least to 15 tons a man- 
day, on average, by 1980. Assuming 200 working days a year, the 
labor force required in United States coal mines for the period 1955-80 
would be as shown in chart IV. 
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CHART IV - EMPLOYMENT AT BITUMINOUS COAL AND LIGNITE MINES IN THE UNITED STATES, 1905-1980 


Projected on basis of 1980 productivity of 15 tons a man<day, 200 working days a year.’ " 





PEACEFUL USES OF ATOMIC ENERGY 
THE PETROLEUM AND NATURAL-GAS INDUSTRIES 


I. RESERVES AND CONSUMPTION 


(a) United States and world reserves of oil and gas 


For oil and gas, the term “reserves” is considered to mean proved 
reserves recoverable under economic and operating conditions exist- 
ing on the date of the estimate, and the term “ultimate reserves” means 
total past, present, and future recoverable reserves. 

According to the American Petroleum Institute, the proved re- 
serves of crude oil in the United States on December 31, 1954, totaled 
29.6 billion barrels; according to the American Petroleum Institute 
and the American Gas Association, the proved reserves of natural 
gas liquids totaled 5.2 billion barrels. The combined proved reserves 
totaled 34.8 billion barrels. According to the American Gas Associa- 
tion, the proved reserves of natural gas in the United States on Decem- 
ber 31, 1954, totaled 211.7 trillion cubic feet. By comparison, the 
proved reserves of crude oil in the world, including the United States 
and the Iron Curtain countries, totaled 158 billion barrels. See table 
8. Because of a lack of information about many foreign fields, the 
proved reserves of natural gas in the remainder of the world are pre- 
sently estimated as being not much larger than United States reserves. 


(b) Ultimate economically recoverable reserves of oil and gas, United 
States and the world 

Estimates of ultimately recoverable reserves are based either on the 
assumption that the total volume of marine sedimentary rocks in the 
United States, or in the world, will yield petroleum and natural gas in 
amounts proportional to the yields obtained from the volume of rock 
thoroughly explored thus far, on the assumption that the current ob- 
served trends in the ratio of exploratory drilling to the discovery of 
oil will continue into the future. Considering the vast changes in 
events and technology over the past 100 years it is not surprising to 
find that the estimates of total ultimate reserves show a continued up- 
ward trend, more or less paralleling the upward trend in drilling and 
in discoveries of proved reserves. 

In 1947, L. G. Weeks estimated that the ultimate petroleum reserves 
in the United States, exclusive of the Continental Shelves, would total 
110 billion barrels. This estimate is now realized to be low. Past 
eit plus present proved reserves already total 85 billion 

arrels. It seems obvious that anticipated intensive exploration over 
the next 20 years will yield new reserves in excess of the 25 billion 
barrels required to satisfy the Weeks estimate. 

In 1952, P. R. Schultz concluded that the ultimate reserves of oil in 
the land area of the United States would be at least 170 billion barrels, 
and that the ultimate reserves of the Continental Shelves would be 30 
billion barrels. In 1955, Paul D. Torrey estimated that the existing 
fields in the United States contained an additional 11 billion barrels 
recoverable by fluid injection methods under recent economic condi- 
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TaBLe 8.—World crude-oil production and proved reserves, 1954 


Proved 


Western Hemisphere (except United States): 
Bolivia. 


Cuba 
Ecuador 


Mdidle East and East Mediterranean: 
Bahrain_- 


Indonesia 
British Borneo 


New Guinea 
Pakistan 


Total, non-Communist foreign 5, 926 
United States 6, 346 


Total non-Communist___....-.-- Lda e se acebanen dda cote enabun 12, 272 
Estimated Communist-controlled areas 1, 402 


Wee nino ee eh aise nd sn, aed cutie thea tkindntebedenee 13, 674 


tions, and that still larger quantities were potentially recoverable. 
Considering that trends in production and discovery are still headed 
upward, and that significant improvements in recoverability are now 
being accomplished or promised for the future, a total of 300 billion 
barrels as the ultimate reserves of the United States and of the adjoin- 
ing Continental Shelves seems to be a reasonable figure. 

Weeks has estimated the ultimate reserves of the land areas of the 
world, including the United States, to be 610 billion barrels. Upward 
revision of United States ultimate land-area reserves from 110 to 270 
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billion barrels provides a basis for increasing the Weeks estimate of 
ultimate world reserves by an amount equal at least to the difference 
between these 2 figures, or 160 billion barrels. The ultimate reserves 
of the land areas of the world thus seem to be close to 800 billion 
barrels. The ultimate reserves of the Continental Shelves of the world 
are estimated by Weeks at 400 billion barrels. 

In 1950, L. F. Terry estimated the ultimate gas reserves in the 
United States, including the Continental Shelves, to be 510 trillion 
cubic feet. This estimate was based on the assumption that the search 
for and production of an amount of oil called for by Weeks’ estimate of 
ultimate reserves would result in the discovery of 6,000 cubic feet of 
gas for each barrel of oil. In the United States the assumed ratio of 
6,000 cubic feet of gas for each barrel of oil discovered has twrned out 
to below. It was slightly more than 7,000 cubic feet during the period 
1950 to 1954 and is still headed upward. Considering that it has been 
necessary in the past to increase both the estimate of ultimate oil re- 
serves and the ratio of gas to oil discoveries, and taking into account 
the trend toward deeper and deeper drilling, it is likely that larger 
and larger reserves of natural gas will continue to be found. Thus, a 
considerable upward adjustment of the Terry estimate is now re- 
quired. For the purpose of this discussion the ultimate reserves of gas 
in the United States may be assumed to be at least twice the Terry 
estimate, or at least 1,000 trillion cubic.feet. 

No estimate has as yet been prepared for ultimate world reserves 
of natural gas. Obviously they must be large, perhaps in excess of 
5,000 trillion cubic feet for the land areas alone, but inasmuch as gas 
reserves tend to show up in the mature and later stages of intensive 
exploration such as is being witnessed in the United States, it is pre- 
mature to attempt a definite estimate at this time. 

United States proved reserves of petroleum and natural gas liquids 
are about 12 times the 1954 consumption; the proved reserves of 
natural gas are about 22 times the 1954 consumption, including field 
and plant losses. Ratios of oil production to reserves of this magni- 
tude have been maintained for many years in the face of a general 
increase in use of petroleum, which is controlled primarily by eco- 
nomic considerations rather than by physical factors. The ratio of 
gas reserves to production has been declining in recent years as a 
result of rapidly expanding consumption. 

Assuming a steady increase in use of petroleum and natural gas in 
the United States, it is likely that by the end of 1980 more than half the 
estimated ultimate reserves of 300 billion barrels will have been con- 
sumed, and that about a half also of the estimated ultimate gas 
reserves of 1,000 trillion cubic feet will have been consumed. 

For the world other than the United States, proved reserves of oil 
are about 53 times the 1954 consumption. The heals remaining re- 
serves of the world other than the United States are about 193 times the 
1954 consumption in those areas. (See table 9.) The relatively small 
proved reserves of natural gas in foreign areas are likewise many times 
the very small production. 
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TABLE 9.—Summary of world oil production and reserves—end of 1954 
eae of barrels} 


de we ' 
(I) ap 6888) (IV) | (V) 
Cumula- 


tive pro- 
duction 


Ratio 


F Ultimate 
pce reserves 


Remaining 
reserves 


United States , , 127. 249, 873 
Balance of North America.-. , 3, 287. 36, 713 


Total North America 340, 53, 414 0 286, 586 
Total South America..................-. ; 10, 449.0 69, 551 


Total Western Hemisphere.-_-_........- ‘ , 63, 863. ( 0 356, 137 


Europe, excluding Russia. ..............-.-- 2. 228.0 
Middle East, including Egypt-_..........._- 7, 572.0 
Balance Asia, excluding Russia_..........__-- 768.0 
Indonesia 30, 1, 638. 0 
Africa, excluding Egypt 3 ; 6.0 
Total Eastern Hemisphere, excluding 
i 230, 000 12, 212.0 217, 788 
150, 000 7, 887.0 142, 113 


Total Eastern Hemisphere 
Total world 300, 000 83, 962. att 5, 243 | 





Total foreign , 500, 33, 835.0 | 4 2, 413 | 193 


1 Including Continental Shelf for the United States; excluding continental shelves for rest of the world. 


(c) Consumption 

During 1954 the United States consumed about 2.8 billion barrels 
of petroleum products and 8.4 trillion cubic feet of natural gas, dis- 
tributed as shown in table 10. World petroleum consumption ex- 
clusive of the United States was about 2.2 billion barrels in 1953 and 
2.4 billion barrels in 1954. United States consumption of oil is ex- 
pected to double by about 1980, but consumption by the rest of the 
free world is expected to double by 1965. In 1980 free world foreign 
consumption and United States consumption are expected to be about 


equal. 


Taste 10.—Sales and consumption of petroleum and natural gas in the United 
States during 1954 





Petroleum Natural gas ! 


| 
Thousands| Percent | Millions of | Percent 
of barrels | of total | eubic feet | of total 


Aviation fuels Sees 110, 799 3.92 | 
Motor gasoline putin ee] aki oe 41.47 
Residential ‘ * 2 438, 032 15. 48 
CL -c. .cubes. bh ich bh skganeedudeccnvepigcssimeaued 78, 498 2. 78 
Industrial: 
tN a ee eye 162, 416 
RBOMMOOGS... n= 5 55s cen nnn sds de dase na sene-pnacenenn5 eee 93, 511 
‘ 124, 353 | 
Electrical povermtante.: paihedebetd 66, 650 
I a ag (3) 
Lubricants . - 4 38, 444 
Saadinde 76, 643 
Liquefied gases eae ae 116, 630 
Other industrial uses_-- Souda 202, 132 | 
Miscellaneous uses 147, 926 


po m So 
wogowt 
Sssz 





Sanrs 








Sil enape 


Ss 


2, 829, 428 | 8, 416, 700 100.00 


~ 








2 Includes kerosene sales. 
3 Not available, included in other industrial uses. 
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(d) Present principal uses of oil and gas in the United States and rela- 
. tive significance of each 

Table 10 shows sales and consumption of petroleum and natural 
gas in the United States, both in terms of the barrels of oil and cubic 
feet of gas produced, and on a percentage basis. About 45 percent 
of the total petroleum consumed annually goes to the manufacture of 
gasoline and aviation fuel, ]8 perceut to residential and commercial 
heating, and only 2 percent, Snettliten domestic and imported residual 
fuel oil, to the manufacture of electricity. By contrast, 25 percent of 
the natural gas consumed is used directly by the oil and gas industry, 
30 percent for residential and commercial heating, and 14 percent for 
the manufacture of electricity. Most of the natural gas that goes 
to the production of electricity is “off-peak” gas sold at a modest price, 
on an interruptible service contract. This permits the pipeline oper- 
ators to maintain proper working pressures and movements in the 
pipelines, and thus enables the lines to meet the peak load demands of 
the higher paying domestic consumers. With gradual development 
of underground storage facilities the use of natural gas by the daatsie 
industry should show a corresponding decline. The residual fuel oil 
that is used by the electric utility companies is the end product of the 
distillation process, and provides a very low and relatively unim- 
portant return to the domestic refiners. 


II. RESEARCH AND DEVELOPMENT 


Adams (see bibliography) estimates that the petroleum and natural 
gas industry is spending about $200 million a year in all phases of 
scientific and technologic research. This sum is vane on geo- 
logical, geophysical, production, transportation, chemical processing, 
products and utilization research. Capital expenditures for research 
establishments are not included in this figure. Also, the geological] 
and geophysical search for new deposits, which in a sense might be con- 
sidered to be research, are paid from the exploration account and not 
included in the research budget. Technologic research and develop- 
ment costs are less than 1 percent of the industry’s gross revenues. 


(a) Ewpected significant technologic developments and the impact on 
recoverable reserves 

The past impressive growth of the oil and gas industry is the direct 
result of a sweeping series of improvements in exploration techniques, 
drilling equipment, production practices, transportation methods, and 
refining technology. The continued increase in reserves in the face of 
an astronomical increase in consumption must be credited largely to 
these improvements. 

In exploration for oil, geological techniques and geophysical instru- 
ments are being constantly improved, and new methods and instru- 
— _ pinpointing favorable drilling sites are likely to be de- 
veloped. 

Past improvement in drilling rigs, drill pipe, and bits alone have 
permitted exploration to depths exceeding 4 miles below the surface, 
far surpassing the expectations of an earlier generation of engineers. 
Directional drilling techniques now aid exploration below the waters 
of the continental shelves by permitting as many as six wells to be 
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drilled from a single platform. pwns future improvement in 
equipment and techniques wil! undoubtedly yield new depth records, 
the greatest benefit reservewise probably will come with improved 
techniques in offshore drilling, which will permit exploration into 
deeper waters of the continental shelves. 

Production methods have been improved by the introduction of 
cycling, repressuring, and prorationing techniques, and by the use of 
explosives, hydraulic fracturing, and acids. It is believed by many 
that continued improvement in recovery practices offers the greatest 
opportunity for increasing reserves. Paul Torrey estimates that the 
average recovery from all fields in the United States under present 
conditions is only 32 percent. The oil now left underground, which 
amounts to nearly 70 percent of the total originally present in the 
rocks and which is not included in estimates of proved reserves, pre- 
sents a large and rewarding opportunity for research. This oppor- 
tunity is not being neglected. At present investigations are in 
progress on the use of detergents, electromagnetic heating, and com- 
bustion in place. A considerable improvement in the recovery of oil 
will result from these or similar studies, and the estimated recoverable 
reserves will be increased accordingly. 

Although research on refining and utilization of petroleum will not 
increase reserves directly, the improved gasoline, oils, lubricants, and 
internal-combustion machines that result from such research tend to 
increase the yield in useful energy obtainable from each barrel of oil. 
For the most part, this increase in efficiency is being used to improve 
the performance of machines, and not to prolong the life of reserves. 
Nevertheless, the gain is measurable and must be taken into account. 


Ill, OUTLOOK 


(a) Outlook for oil and gas consumption, assuming no significant 
inroads from atomic energy in any principal use of oil or gas 

The production and use of petroleum in the United States increase 
about 3 percent a year, more or less paralleling the increase in popula- 
tion and in gross national product. This rate of increase will probably 
be maintained for many years. The President’s Materials Policy 
Commission predicted that by 1975 the annual demand for petroleum 
products would be about 5 billion barrels, which is roughly twice the 
present demand. Other estimates range from 4.5 billion to 6 billion 
barrels. Representatives of the petroleum industry are confident that 
this predicted demand can be met, though it seems inevitable that the 
costs of finding oil in the United States will continue to increase. If 
costs should increase markedly, or if proved reserves in the United 
States should diminish, the increased demands of the future can be 
met by increased imports or by synthetic liquid fuels to the extent that 
they can become competitive. 

The discovery and production of gas in the United States have been 
largely a byproduct of the search for and the production of petroleum. 
Since the beginning of petroleum production, however, the amount of 
natural gas produced has increased greatly relative to the amount of 
petroleum, largely as a result of the trend toward deeper drilling. 
With steadily increasing quantities of natural gas available, it is not 
surprising that the use of natural gas has been on a dramatic uptrend. 
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Between 1935 and 1954, for example, the marketed production of 
natural gas aoe transmission losses and changes in inventory ) 
jumped trom 1.9 to 8.7 trillion cubic feet, and a continuing growth is 
expected. The President’s Materials Policy Commission estimated 
that the 1975 demand for natural gas in the United States would be 
about 15 trillion cubic feet, and it now seems likely that the 1975 de- 
mand will be about 19 trillion cubic feet. If exploratory drilling for 
etroleum and gas continue to increase over the next 25 years, as seems 
inevitable, the increased demand for natural gas can surely be met. 


(b) Anticipated changes in principal uses of oil and gas without 
allowing for atomic energy 

Improved refining techniques have lowered the yield of residual 
fuel oil in the United States from 25.3 percent of each barrel of 
crude oil processed in 1938 to 16.4 percent in 1954. This trend is 
expected to continue as the industry makes further progress in con- 
verting the heavier oils into lighter and more profitable products. 
A shift toward increased use of coal in large central heating stations 
and in powerplants will result as fuel oil thus becomes less available. 
Such shifts, however, will be slow, in part because the change in 
relative competitive position will come about slowly, and in part be- 
cause &@ large number of existing fuel-burning installations are not 
designed for multiple fuel use. 


(c) Consensus on— 


1. Impact on the oil and gas industry if electricity can be gener- 
ated from atomic energy in large central stations at a price competi- 
tive with electricity generated in large oil- or gas-fired central stations. 

2. Impact on the oil and gas Saati if electricity from atomic 
energy in large central stations becomes technically feasible at some 
cost Talos the cost of generating electricity from oil or gas. 

3. Impact on the oil and gas industry if electricity can be generated 
from atomic energy at or below competitive prices for electricity 
generated from oil or gas in units between 5,000 and 30,000 kilo- 
watts. 

Assuming the rate of growth of atomic electricity as forecast by 
the panel, and assuming that the cost of producing electricity from 
atomic energy is the same as or lower than costs of producing elec- 
tricity from oil or natural gas, it is likely that the effect on the oil and 
gas industry will hardly be noticeable over the period of time covered 
by the forecast. This seems especially likely because at present 
only 2 percent of total petroleum production and 14 percent of total 
natural-gas production are used to generate electricity. As noted in 
the paragraph on uses, oil and gas sold to the electric-generatin 
plants yield little profit to the respective industries, and continu 
progress is being made toward reducing such low~-profit use. Each 
year the petroleum industry reduces the percent of residual oil output 
from the refineries, and the natural-gas industry puts into operation 
additional underground storage capacity, which reduces the need to 
sell offpeak gas to the generating plants. The amount of diesel fuel 
used for making electricity is “a and is confined to small installa- 
tions in areas not served by the large central stations. 

Even should costs of alien electricity from atomic fission become 
markedly lower than the costs from conventional fuels, no existing 
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serviceable plant requiring conventional fuels will be abandoned. 
Furthermore, even during the period of growth of atomic-powered 
electric plants, it is generally assumed that an even larger number of 
highly efficient modern plants powered by conventional fuels will be 
built. All these plants should provide a large market for the con- 
ventional fuels. Finally, in the gradual increase in use of all fuels, 
and in supplying energy for mining, transporting, refining, and fabri- 
cating materials intended for use in atomic-energy plants, the petro- 
leum industry will be compensated for the small losses that might 
result from the gradual increase in number of plants powered by 
atomic energy. Similarly, the gradual increase in number of domestic 
customers will benefit the natural-gas industry out of all proportion 
to the assumed losses from the electric-generating industry. 


(d) Impact on the oil and gas industry if atomic energy should be- 
come an economically competitive source of propulsive power 
Vessels use 4 percent of the petroleum consumed annually in the 
United States, railroads use 3 percent, and large-load vehicles use even 
less. Inroads by atomic energy into these fields, which surely will 
not come about rapidly, can have no disruptive effect on the petroleum 
industry. 

Automobiles and airplanes use 41 and 4 percent, respectively, of the 
petroleum consumed annually. Over the next 25 years, inroads by 
atomic energy into these fields are not expected to be significant. In 
the long run, of course, a loss of 45 percent of its total market would 
have a serious effect on the oil and gas industry. 


(e) Impact on the oil and gas industry from atomic developments as 
compared with the impact from radio transmission of energy or 
an efficient means of converting solar energy to power pro- 
duction 

Experience shows that each new fuel comes into use very slowly, 
and that an older fuel is only partly displaced as a consequence of the 
rising demand for energy. Thus, rather than competing with oil 
and gas, it seems likely that each of the several suggested new sources 
of energy will arrive in commercial quantities only after a period of 
experimentation and development, and that by the time of arrival they 
will be needed to supplement the then existing economically recover- 
able reserves of oil and gas. 


(f) Consensus on actions which could and should be taken to amel- 
iorate the impact of atomic energy on the oil and gas industry 
World power requirements are expected to increase at least tenfold 
over the next century, to meet the needs of a population expected to 
increase about threefold. With this outlook, no fuel will be crowded 
out, and atomic energy will be a welcome helper in the energy market 
rather than a competitor. 
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Tue Impact oF THE PEeAcerut Usts or Atomic ENERGY ON THE 
PetTrROLEUM INDUSTRY 


By Wallace BE. Pratt 
January 7, 1956 
SUMMARY 


The attitude of the petroleum industry toward its new rival, atomic 
energy, is conditioned by its own analysis of the probable demand and 
supply of energy over the next 20 years. This study reveals that, as 
to its ability fully to meet the anticipated free-world demand for its 
principal products over the next 20 years, the petroleum industry is 
supremely confident. It expects a tremendous increase in demand, 
but its proved reserves stand at an alltime high and it retains its 
demonstrated ability to find more oil. 

Making no allowance for the impact of atomic energy, demand for 
petroleum in the United States, which will amount to a little more 
than 3 billion barrels in 1955, is expected to increase to 4.9 billion bar- 
rels in 1975. The demand for natural gas is expected to increase from 
9.4 trillion cubic feet in 1955 to 15 trillion cubic feet in 1975. The rest 
of the free world, which will use 2.2 billion burrels of oil and 700 billion 
cubic feet of natural gas in 1955, is expected to consume nearly 5.5 
billion barrels of oil and 4 trillion cubic feet of natural gas in 1975. 

But the industry has accumulated great reserves both domestically 
and abroad to meet this demand. Despite repeated predictions of an 
imminent shortage of liquid fuels, and despite greatly increased 
withdrawals, proved reserves of petroleum (liquid hydrocarbons) 
have continued to rise. In the United States they now amount to 
34.8 billion barrels. In the rest of the free world they are estimated 
at 271 billion barrels. Never before have proved reserves been so 
large. Proved reserves of natural gas (212 trillion cubic feet in the 
United States) stand at similar unprecedentedly high levels. 

The estimates of total remaining economically recoverable liquid 
fuel resources are much higher than they were 10 years ago. Both 
at home and abroad, these large increases have been attained notwith- 
standing withdrawals in record-breaking volumes meantime. The 
industry looks upon the petroleum resources of the free world abroad 
as available to this country, in fair share, through imports. Imports, 
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particularly imports from Western Hemisphere countries, are gen- 
erally counted upon to supplement domestic production as supple- 
mental supplies are needed. 

Our estimates of proved reserves of petroleum contemplate only the 
historical efficiency of recovery—an average of about 40 percent of 
the oil in place. On this basis, 60 percent of all the oil we have found 
over the life of the industry still remains inthe ground. In the United 
States, this unrecovered fraction already exceeds 160 billion barrels, 
and it grows larger with each new discovery. The industry is confi- 
dent that technologic improvements in recovery practice, on which 
many research projects are already engaged, will eventually bring to 
the surface tens of billions of barrels of this formerly unrecoverable 
oil, thus further increasing the proved reserves. 

With these abundant proved sources of liquid hydrocarbons to draw 
upon and its demonstrated ability to continue to find new reserves, 
the industry feels perfectly secure that it will be able to meet the 
demand it foresees over the next 20 years. 

In addition to our liquid hydrocarbon resources, there are vast ton- 
nages of oil shale in this country which the petroleum industry 
recognizes as a wholly feasible source of liquid fuels. More than 
500 billion barrels of oil is contained in shale of a richness of from 
10 to 50 gallons per ton. More than 100 billion barrels of this oil is 
already considered to be economically recoverable, although the in- 
dustry generally doubts that any significant production of shale oil 
will come onto the market within the next decade. 

In its attitude toward the advent of the atom as a commercial source 
of energy the petroleum industry again is of one mind. Oilmen gen- 


erally are fully prepared for atomic energy to peng, a signifi- 


cant feature of our economy over the next 20 years. But nothing in 
this prospect alarms them. Perhaps this composure results in part 
from the fact that the development of atomic energy is not the first 
threat to its market the industry has faced. E. DeGolyer (1) has 
suggested that the invention of the electric light near the end of the 
last century at a time when the petroleum industry’s whole effort 
centered on the manufacture of kerosene for lamps—illuminating oil— 
must have appeared as an equally serious threat. Indeed, the electric 
light did talcs over the oilman’s market—but not for a long time. 
Even today, 50 years after the event, the industry still sells kerosene 
for the lamps of much of the world. Technologic changes are slow, 
although they are more rapid now than formerly. 

The petroleum industry looks upon electric-power generation in 
large central plants as the most attractive and most imminent field 
for atomic energy. But this field is of minor importance volume- 
wise and all but barren profitwise to the petroleum industry. Even 
if this entire outlet were absorbed by atomic energy over the next 10 
years oilmen would scarcely feel the loss. Aue the natural-gas 
industry would be only a little more disturbed. Robert E. Wilson 
(2) speaks for the industry when he says: 

I believe that while the development (of atomic energy) is highly important 
to the Nation and the world, the impact on our industry will be negligible over 
the next 20 or 25 years. Beyond that, I believe we will welcome the aid of 


atomic energy in helping to take care of the country’s rapidly growing needs 
for power. 
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With respect to policy on the part of Government, the petroleum 
industry feels that no action need be taken to soften the impact of 
atomic energy on its welfare. Rather it welcomes atomic energy as 
a partner in meeting the world’s growing requirements for power. 
Atomic energy will contribute to higher living standards and so create 
new demand for petroleum products. The petroleum industry be- 
lieves atomic energy should be developed as rapidly as possible, but 
that it should be developed by private enterprise on a commercial basis. 
It should compete with conventional fuels without subsidy. 


INTRODUCTION 


This report appraises the probable effect of the anticipated growth 
in the use of atomic energy for peaceful purposes on the peererae in- 
dustry over the period 1955-75. It was conceived and planned by the 
panel on the peaceful uses of atomic energy—a group of citizens se- 
lected by the Joint Committee on Atomic Energy for its guidance. 
The writer is not well informed in the field of atomic energy, but he has 
devoted a long professional life to the search for petroleum over the 
earth. Accordingly, the study proceeds from the viewpoint of the 
petroleum industry. 

The chairman of the panel, Mr. Robert McKinney, set up broad 
terms of reference (appendix I) defining the scope of the study and 
specifying the inclusion of a consensus of the petroleum industry on 
the prospect of the atom as a commercial source of energy in the near 
future. In other words, the chairman sought more than the opinion 
of a single individual on the problem that confronted him. He wished 
to consider also the general attitude of the petroleum industry toward 
that problem. For the purpose of securing this consensus, as contem- 
plated by the terms of reference, the writer formulated and submitted 
to representative companies, individuals, and trade organizations in 
the petroleum industry, a questionnaire (appendix II) covering the 
area defined by the terms of reference. 

This questionnaire was sent to 25 different organiations and indi- 

viduals as shown in appendix III. Of these, 22 submitted answers to 
the questions, although several asked that they be not directly quoted. 
Accordingly, the writer has avoided direct quotation but he has freely 
appropriated opinions and data. The semen of responses, the mani- 
fest interest of the participants and the general agreement among the 
answers and opinions volunteered justifies the conclusion that the 
result is a fair consensus of the industry. It should be noted that 1 
out of each 3 replies included a copy of Robert E. Wilson’s recent re- 
port on atomic energy (2) and recommended it heartily to the writer. 
A smaller number of replies enclosed also J. Ed. Warren’s recent paper 
(3) on the same subject with enthusiastic approval. 
_ While the writer alone is responsible for the estimates and opinions 
in this report, nevertheless the replies to the questionnaire indicate 
essential agreement by the petroleum industry at large. As a matter 
of fact, the report is based on these replies. The statistics, of course, 
are matters of record and they are generally accepted. 


PRESENT AND FUTURE CONSUMPTION OF OIL AND NATURAL GAS BY USES 


The demand for petroleum in the United States in 1955 is expected 
to amount to slightly more than 3 billion barrels, a daily average of 
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8.3 million barrels. In 1965 the estimated demand will average 11.1 
million barrels daily and in 1975 the daily average is estimated at 13.5 
million barrels. The consumption of natural gas in the United States 
in 1955 will amount to 9.4 trillion cubic feet. F or 1965, it is estimated 
at 13.5 trillion cubic feet and for 1975 at 15.0 trillion cubic feet. 

In the free world outside the United States demand for petroleum 
has expanded rapidly since the end of the war. In western Europe, 
coal supplies are limited and energy requirements have increased 
greatly. This trend may well be still higher in the future. In 1955, 
consumption in the free world abroad averaged 6 million barrels daily. 
It is estimated that it will average 10 million barrels daily in 1965 and 
perhaps 15 million barrels daily in 1975. These estimates mean that 
in 1970 for the first time in history the rest ofthe free world will 
consume as much oil as the United States does. By 1975, total Free 
World demand will be double that of 1955. 

Data on the consumption of natural gas abroad are inadequate to 

support reliable estimates. Potential supplies are enormous but they 
are situated in underdeveloped areas of the Middle East, remote from 
large consuming centers. Serious political, strategic, economic, and 
technical problems must be solved before natural gas can be trans- 
ported economically to the potentially large markets of Western 
Europe. It is believed that natural-gas eonsumption in the free 
world outside the United States amounted to 700 billion cubic feet in 
1955. It is reasonable to expect it to triple to 2 trillion cubic feet by 
1965 and to double again to 4 trillion cubic feet in 1975. 

Table IV shows the consumption of petroleum in the United States 
in 1955, divided among the principal uses to which it was put, to- 
gether with the estimated consumption for the same uses in 1965 and 
1975. ‘Table V shows the same data for natural gas. The estimates 
in these tables assume no inroads on fuel markets by atomic energy. 


TABLE 1V.—LHstimated oil consumption 
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TaBLe V.—Estimated natural-gas consumption 


(Trillions of cubic feet annually] 


| My; oe 10 1975 


| 
Vv 


' 
\ pies erce ent ctumel Pere ntiV al -ercent 
cameo iia | 
Space heating 
Electric utilities | 
Industrial and other 


3.5 
7.7 
13.5 | 100 


| ie 








PEACEFUL USES OF ATOMIC ENERGY 93 


As these tables indicate, no radical changes in the principal uses 
for oil are anticipated over the next 20 years. The principal markets 
for natural gas, however, are expected to change. The trend toward 
maximizing the residential use of natural gas—a trend already mani- 
fest in the market for natural gas—is expected to continue. In the 
past this trend has been retarded by the inability of suppliers to 
handle the peak winter load for residential use except by selling large 
volumes at reduced rates to public utilities and other industry on a 
basis which permits deliveries to be interrupted and shifted to resi- 
dential users during peak load. The continued installation of large 
underground storage facilities, in which surplus gas may be stored 
in the slack summer season, will remedy this difficulty, in part at least, 
in the future. As a result the proportion of total sales to electric 
utilities and industry will diminish and sales to residential users will 
expand. Over the next 20 years sales of natural gas for space heat- 
ing are expected to increase from 21 to 33 percent of the total sales. 


PROVED OIL AND GAS RESERVES 


Estimates of the world’s proved oil and gas reserves on December 
31, 1954, appear in table VI. 


TABLE VI.—Estimates of proved oil and gas reserves, Dec. 81, 1954 
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The public generally misinterprets “proved reserves.” The term 
means that part of the reserves already proved by drilling which is 
recoverable by methods currently in use and under current economic 
conditions. Proved reserves represent working stocks or inventory 
only. They are by no means the source of supply for the industry. 
Continuity of supply depends on continuous exploration and the fun- 
damental source of supply is the still undiscovered petroleum re- 
sources. That proved reserves are not the source of supply is illus- 
trated by the fact that at the end of 1925 proved reserves in the United 
States amounted to only 8.5 billion barrels, yet since 1925 we have 
produced 41.3 and at the end of 1954 proved reserves amounted to 34.8 
billion barrels. 

Proved reserves of liquid hydrocarbons (petroleum and liquid pe- 
troleum gases) in the United States have been estimated annually for 
many years by the American Petroleum Institute. Similarly, proved 
reserves of natural gas in the United States have been estimated annu- 
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ally for a number of years by the American Gas Association. Both 
these series of estimates are conservative and are accepted with confi- 
dence by the entire petroleum industry. The last of each of these esti- 
mates, December 31, 1954, appears in table VI. The estimates of 
proved oil and gas reserves in both table VI and VII contemplate an 
average recovery of only about 40 percent of the oil in place. Current 
praduetade of petroleum liquids in the United States is 7.5 million 
arrels daily; in the rest of the free world it is 7.2. 

The estimates of proved oil reserves in the Middle East shown in 
table VI are considerably larger than recently published figures. Nev- 
ertheless, they are believed to be conservative by several well-informed 
and experienced operators in the Middle East. 


TOTAL RESOURCES OF OIL AND GAS 


Estimates of the total economically recoverable petroleum resources 
(liquid hydrocarbons and natural gas) of the world (excluding U. 8S. 
S. R. and satellite states) are set down in table VII. 


TABLE VII.—LHstimates of total economically recoverable oil and gas resources 





Liquid Natural 
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The estimates in table VII include present proved reserves and past 
production. They represent total original resources of oil and natural 
gas. To obtain the estimated remaining resources, past production 
should be subtracted from the total figures. For the United States, 
past production of oil amounts to 50 billion barrels and for the rest of 
the world, 25 to 30 billion barrels. Past marketed production of 
natural gas in the United States is of the order of 125 trillion cubic 
feet. Few records of foreign production of natural gas exist but it 
has been much smaller than that in the United States. 

The estimates for natural gas in table VII are based on the esti- 
mates for oil. Oil and natural gas are intimately associated in their 
occurrence and the bulk of our natural gas reserves have been dis- 
covered as an incident to the search for oil. Historically, in the 
United States 4,000 to 5,000 cubic feet of natural gas have been dis- 
covered for each barrel of oil (4). In recent years the ratio has been 
higher—6,000 to 7,000 cubic feet of natural gas per barrel of oil. Out- 
side the United States, the ratio is lower (about 4,000 cubic feet per 
barrel). 

No Daciibe basis exists for reliable estimates of the petroleum re- 
sources of the earth. Our knowledge of the occurrence of petroleum 
is too meager. The estimates in table VII, therefore, are open to 
question. Some observers would deny them any significance. Yet 
one aspect of the record of successive estimates of petroleum resources 
does appear to be significant, and it can reasonably be interpreted to 
imply that the estimates in table VII are conservative. The more oil 
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we have found the larger our estimates of our remaining resources 
have become. Current estimates of both proved reserves and of total 
remaining resources stand at an alltime high. The more oil we have 
consumed, the more oil we think we have left to consume. 

As recently as the First World War informed opinion placed the 
total petroleum resources of the United States—even the world—at a 
few tens of billions of barrels. It was not until 1942 that an estimate 
of as much as 100 billion barrels ultimate oil recovery for the land 
area of the United States (excluding Alaska) was published (5). 
Even at this late date this estimate was generally considered to be 
widely optimistic. Yet teday practically everyone looks back to it as 
inadequate. 

In 1948, Lewis Weeks published an estimate (6) of 110 billion bar- 
rels ultimate recovery of oil in the United States, excluding the 
continental shelves. ‘This estimate, also, is now generally rated as too 
low. In 1952 P. R. Schultz (7) estimated ultimate oil recovery from 
the United States including the continental shelves at 200 billion bar- 
rels. Lewis MacNaughton of the firm of DeGolyer and MacNaugh- 
ton believes (8) the ultimate recovery of crude oil in the United States 
will amount to 200 billion barrels and that of the world to 1,000 billion 
barrels. 

All these estimates are based on our knowledge of the geology of 
petroleum and its occurrence over the earth. A number of observers 


believe a sounder approach to the problem can be based on an analysis 
of the records of our search for oil in the past. These observers hold 
that in the United States the rate at which we have found oil has been 
largely determined by the intensity of the exploratory effort, which 


in turn is closely controlled by the demand for petroleum products. 
Past withdrawals have not depleted our original stores enough, as yet, 
to exert any noticeable effect. The cumulative historic average dis- 
covery rate from 1859 to 1951 is 1.6 barrels for each barrel produced. 
Over the last 18 years this ratio has averaged 1.5. Despite a vast 
increase in production over the period the ratio has held constant and 
proved reserves have been built up and maintained at 12 to 14 times 
current annual production. 

Projecting the relationship between average rates of discovery and 
average rates of production into the future, several units in the indus- 
try have estimated discoveries over the period 1955 to 1975. The 
anticipated rate of increase of demand for petroleum over the next 
20 years is 2.4 percent annually compared to 5.8 percent annually over 
the last 20 years. An increase of 2.4 percent annually in demand 
means we shall need about 77 billion barrels of hydrocarbon liquids 
over the next 20 years. If the present ratio of crude-oil imports to 
current production is maintained, about 10 percent of this total would 
be imported, leaving about 69 billion barrels to be produced from 
domestic sources. 

Theoretically, the effect of a drop in the rate of increase in demand 
would tend to slow down the discovery rate. As a result the historic 
average of 1.6 barrels discovered for each barrel produced might drop 
to 1.4 over the next 20 years. Even at this reduced rate, one observer 
points out, we would discover over the next 20 years more than 100 
billion barrels of hydrocarbon liquids, replacing all the oil produced 
and bringing the proved reserves in 1975 up to wome 60 billion barrels, 
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* about 12 times the anticipated annual production in 1975. This is 
a ¢ wartling suggestion, the boldest of all dhoss contained in the replies 
to the questionnaire. Yet it should be verified unless the ratio of dis- 
coveries to production, almost unchanged on averages for so many 
years, falls to an unpredecently low average over the next 20 years. 

Other observers are more cautious. The most conservative of sev- 
eral estimates based on this idea concludes that by 1975 the United 
States will have discovered a total of 160 billion barrels of hydro- 
‘carbon liquids. Since we have already discovered 85 billion barrels, 
this estimate presupposes an average finding rate over the next 20 
years of less than 1.1 barrels for each barrel produced. At this rate 
we would replace all oil produced but would increase our proved re- 
serves only from 35 to 41 billion barrels. At this level proved re- 
serves would equal only 9 times annual production at the anticipated 
1975 rate. 

Most oilmen will be skeptical that we can find 100 billion barrels of 
oil in this country in the next 20 years. But in the past the best 
informed among us, looking into the future, have always underesti- 
mated the volume of oil we would discover over any ensuing 20 years. 

During the first 35 years of our search for oil in the United States, 
up until 1895, we found only 3 billion barrels. Yet this was the period 
when the number of undiscovered oilfields was at a maximum. We 
found only enough oil to meet the demand, which was not insistent. 
During the next 30 years, with fewer oilfields remaining to be found, 
we discovered about 6 billion barrels of oil. During the next 20 
years, from 1916 to 1935, with a vastly expanded demand from the 
rising flood of automobiles, we found about 21 billion barrels of oil. 
We had entered this per iod with less than 4 billion barrels of proved 
reserves and eminent authorities were declaring, “We are running out 
of oil.” Yet over the last 20 years we have found 56 billion barrels of 
oil. 

Very few of us would have anticipated this achievement. And very 
few of us today will predict that over the next 20 years we will dis- 
cover as much as 100 billion barrels of new oil in this country. Never- 
theless, on the basis of the past record we may reasonably expect to 
do so. 

A significant bit of evidence that a great deal of oil remains to be 
found in the United States, despite the tremendous volume that has 
already been produced, is the phenomenal discovery rate the industry 
has set up in its exploration of the Continental Shelf off the coasts of 
Texas and Louisiana. Never before, I venture to say, has the industry 
scored so high a success ratio in its exploration of a totally new petro- 
leum province in this country. Never before have the first 116 wild- 
eat wells drilled in wholly virgin territory in the United States, 
yielded as many as 50 successful completions ; a success ratio of 44 per- 
cent. We are accustomed to a success ratio of about 10 percent among 
our wildcat tests. But here in our latest effort, under unusually diffi- 
cult conditions, our success ratio is more than four times as high. This 
is an amazing record. Notwithstanding our long and thorough search 
for oil in the United States our newest petroleum province is the most 
prolific we have yet found. 

Altogether it appears that even on the basis of the most conservative 
estimates, the industry will be able fully to meet the anticipated de- 
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mand over the period of 1955-1975. It should be noted in this connec- 
tion that the industry has built up in the United States since the war 
an excess capacity to produce which now amounts to 2.3 million barrels 
daily. This excess capacity is presently shut in under the conservation 
agencies of the oil-production States, but it will contribute signifi- 
cantly to our future producing rate. 


ADDITIONAL RECOVERY THROUGH IMPROVED TECHNOLOGY 


The estimates in table VI and table VII, as previously stated, repre- 
sent volumes to be recovered by current producing techniques. The 
average recovery in recent years has been about 40 percent of the origi- 
nal oil in place. Petroleum engineers confidently expect improved 
techniques greatly to increase recoveries in the future. A smaller pro- 
portion of the oil originally in place in the reservoir will be left there 
when producing operations are completed. 

Improvements are certain to be developed in both exploration and 
recovery techniques. These will come as a result of better compre- 
hension of geologic processes and the nature of petroleum and its 
accumulations; as a result of mechanical refinements and inventions 
which will make possible more precise measurements of pertinent char- 
acteristics of the earth’s crust, together with more efficient methods 
of drilling; and, as a result of better methods of recovery, yielding 
higher percentages of the total oil and gas content of natural reser- 
voirs. Better drilling techniques will result in higher discovery rates, 
making possible the discovery and economic recovery of accumula- 
tions now economically unrecoverable. In the field of improved recov- 
ery methods: solvent extraction, liquid petroleum gas bank, condens- 
ing gas drive and thermal and in-situ combustion techniques are all 
undergoing test and are all promising. 

Paul D. Torrey (9) recently estimated that a total of 272 billion 
barrels of oil have already been discovered in the United States of 
which not more than 88 billion barrels (32 percent of the total) can be 
economically recovered by present methods. The volume which re- 
mains in the ground—unrecoverable by present methods—already 
amounting to 184 billion barrels according to this estimate, and cer- 
tain to be further enlarged by future discoveries, is a measure of the 
size of the goal at which research in improved recovery techniques is 
directed. The possible reward for success is very great. There is little 
doubt that tens of billions of barrels of this now unrecoverable oil will 
eventually be recovered through improved techniques. It has been 
estimated that improved recovery techniques will win an additional 
10 billion barrels of oil in California alone—a volume roughly equal 
to the total past production of that State. 

The cost of the research effort now being devoted to improvement of 
techniques of oil recovery cannot be stated precisely. There is good 
evidence that this cost may amount to as much as $40 million annually. 
More conservative estimates place it at not more than $10 million an- 
nually. Even the larger estimate is a very small fraction (about one- 
half of 1 percent) of the value of the crude oil produced in 1955. The 
fact that the industry spends so small a part of its income on research 
in this field is a reflection of its confidence that it can continue to dis- 
cover and produce all the oil it needs at lower costs than would be in- 
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volved in secondary recovery operations, even with improved tech- 
niques. Research effort may be expected greatly to expand as the need 
for oil becomes more compelling. 

Any appraisal of the adequacy of our petroleum resources and of 
our ability to continue to meet the demand for petroleum products, 
should take into account the fact that, as long as oil is valuable to us 
our sources of supply cannot fail suddenly. Even after we have 
reached a peak in our discovery curve, no precipitate decline in pro- 
duction will immediately ensue. Exploration will continue as long as 
it is worth while to find oil and discoveries will result from this ex- 
ploration, although at a gradually diminished rate, once we have 

assed the peak. The decline in production which results from any 

alling off in discoveries will set in at a hardly perceptible rate—less 
than 1 percent per year. Not until tens or even scores of years later, 
not until after discoveries have failed entirely, will the decline in 
production gradually quicken until it approaches a maximum rate of 
10 percent per annum. 


OIL SHALE AND TAR SANDS 


The present situation with respect tc petroleum in the United States 
is definitely one of a capacity to produce in excess of current demand. 
Current discovery rates and the volume of new proved reserves devel- 
oped per exploratory well indicate that the industry will continue to 
develop sources of supply surpassing demand. Nevertheless, it is 
comforting to reflect that, against the day when oil from wells does 
become inadequate to satisfy the rising demands of our economy, vast 
resources of oil shale are ready at hand to supply any deficiency. These 
resources are estimated to contain 535 billion barrels of shale oil in 
shale of a content of from 11 to 50 gallons per ton. Of this total, at 
least 125 billion barrels will be commercially recoverable as techniques 
of exploitation improve with experience. One authority on oil shale 
classes 45 billion barrels of these resources as definitely recoverable at 
present market prices with existing techniques. 

The bulk of the oil shale referred to in the foregoing paragraph is 
situated in Colorado, Wyoming, and Utah. But oil-shale resources are 
not limited to these States. ‘The total resources are enormous. A. C. 
Rubel (10) has compiled a number of surveys which reveal a total of 
some 5 million million tons of oil shale in the United States, averaging 
10 gallons of oil per ton and aggregating some 1,000 billion barrels of 
shale oil. Nearly one-half of this volume is situated in the Eastern 
Central States. It is true, of course, that the average content of this 
oil shale is far below the present-day economic minimum. It is not a 
commercial resource today. But in view of the promise of improved 
technology, such as in-situ combustion, it might become a commercial 
resource in case a critical shortage of energy developed in the future. 

In addition to oil-shale resources, the North American Continent 
possesses tar-sand accumulations of unparalleled magnitude. The 
most extensive of these fluid-fuel resources is the Athabaska tar-sand 
occurrence in the Province of Alberta, Canada. Here the oil content 
is estimated at 300 billion barrels, of which at least 5 billion barrels 
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should come to be economically recoverable. Within the United States 
tar sands constitute a much smaller resource. A.C. Rubel (II) has 
estimated the recoverable oil content of the tar sands situated at Vernal 
and Sunnyside, Utah, at more than 600 million barrels. The average 
vield for this sand is 24 gallons per ton. In California, Rubel estimates 
160 million barrels of elt acne from 5 different tar-sand accumu- 
lations, ranging in oil content from 20 to 40 gallons per ton. 

Oil shale and tar sand are looked upon throughout the petroleum 
industry as future sources of fluid fuel. Opinions vary as to the date 
when commercial exploitation of these resources will begin. A ma- 
jority feel that very little oil from shale will be marketed within the 
next 10 years, but others believe that commercial production of shale 
oil will start within a few years. Actual production of oil from tar 
sands at Siquoc, Calif., is projected for 1956. In Pacific coast and 
Rocky Mountain markets, it is contended, shale oil can compete with 
petroleum at the current price level. Speaking of the Mahogany —— 
in the Green River shales of western Colorado, Rubel (10) has recently 
stated : 

Here is 100 billion barrels of recoverable shale oil that requires practically 
no further exploration expense to make it available for exploitation other than 
shallow diamond drilling in advance of development. * * * Present estimates 
of the cost of production of liquid fuels from oil shale delivered to the (Pacific 
coast) market area indicate that these products will be competitive with 
products from either imports or domestic production at current prices. 

Pertinent to the question of when shale oil or synthetic liquid fuels 
will begin to come into the market is a recent expression of opinion 
by Howard R. Batchelder and Haraen W. Nelson of Battelle Institute 
(12). These scientists believe that production of synthetic liquid fuel, 
manufactured largely from coal, will amount to 0.7 million barrels 
daily in 1965, 2.8 in 1970 and 6.1 in 1975. These figures are totally 
irreconcilable with petroleum industry views. There is no room in 
the prospective market for such volumes of synthetic production, unless 
oil and gas production fail catastrophically, or unless the demand for 
liquid fuels over the next 20 years, as shown in table IV, has been 
grossly underestimated. Neither possibility can be entertained. 
Moreover, the petroleum industry is convinced that shale oil will be 
produced commercially ahead of synthetic liquid fuels from coal. 

At whatever date either shale oil or synthetic liquid fuels may 
begin to compete with petroleum, they may be expected to enter the 
market in relatively small, gradually increasing volume and to exploit 
local markets in areas close to source where a cost advantage exists 
over petroleum products. 


IMPACT OF ATOMIC ENERGY ON PETROLEUM INDUSTRY 


In the field of power generation—the field in which a wide use of 
atomic energy as a substitute for conventional fuels appears to be 
most imminent—the impact of atomic energy will be of only minor 
significance to the oil producer. Current consumption of fuel oil by 
electric utilities amounts to less than 3 percent of the total domestic 
demand for pee Tf all this outlet were lost to atomic energy, 

d 


the loss would represent less than half the overall growth in demand 
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for petroleum in the United States in 1955. The oil industry would 
hardly feel it. 

Moreover, residual fuel oil, such as is used in power generating 
plants, is the oil industry’s least profitable product. It is a byproduct 
which sells for less than the cost of the crude oil from which it is 
manufactured. As Robert E. Wilson has pointed out, (2) its produc- 
tion has been progressively reduced since the end of the war from 25 
percent to 16 percent of domestic refinery runs. This tendency will 
persist. Moreover, because marginal supplies are imported, any 
impact from a loss of fuel oil outlet to atomic energy would be felt by 
foreign operations rather than the domestic industry. 

The impact of atomic energy on the gas industry may be more severe 
than on the oil industry. But it is not likely to modify the rate of 
growth in demand for natural gas shown by the estimates in table V. 
Electric utilities consume 13 percent of the total volume of natural 
gas marketed. The impact of atomic energy would be felt most keenly 
in areas where costs of natural gas are highest. The most likely effect 
would be price reductions on gas, or a shift to areas where gas can 
be delivered at lower costs. 

If all incremental large power stations built after 1960 were to use 
atomic energy—an unlikely assumption—the estimated loss to the oil 
industry would amount by 1975 to 170,000 barrels daily or 1.3 percent 
of the anticipated domestic demand. To the natural-gas industry the 
loss in 1975 under the same condition is estimated at 400 billion cubic 
feet or 2.7 percent of the anticipated demand. These are trifling losses. 
If atomic energy only took over these outlets at some time subsequent 
to 1960, the estimated losses to oil and gas in 1975 would be still smaller. 

If all small powerplants (less than 30,000-kilowatt capacity) built 
after 1960 were to be driven by atomic energy—a still less likely 
assumption—the estimated resulting loss to the oil industry by 1975 
would amount to only 30,000 barrels daily. For natural gas, under the 
same assumption, the estimated loss in 1975 would amount to 60 billion 
cubic feet. These losses are too small to be noticed, percentagewise. 

To the petroleum industry, all these assumptions appear somewhat 
academic. The industry feels strongly that the growth prospect for 
the electric utilities—one of the fastest growing sectors of our econ- 
omy—is so bright that, in addition to all the atomic energy it can 
reasonably hope to harness and put to work over the next 20 years, 
it will be obliged also to make increasing demands on both oil and gas. 

If atomic energy were to become competitive with oil and gas in the 
fields of automotive propulsion and residential heating—a most un- 
likely assumption—the loss to oil and gas markets would eventually 
become severe. Nevertheless, no profound effect would be felt imme- 
diately. Even as late as 1975, the end of the period under considera- 
tion, the loss would still be small. The measure of the effect of this 
development involves assumptions that must be based on past experi- 
ence with new technological developments and necessarily they involve 
much conjecture. Table VIII shows estimates of probable losses of 
oil markets in 1975 if atomic energy should become competitive with 
oil in 1960, 1965, and 1970, respectively, in the fields of automotive 
propulsion and household heating. Table IX does the same for gas. 
In the light of experience with similar technologic changes in the 
recent past, these estimates appear reasonable. 
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TaBLeE VIII.—Possible loss of oil demand in 1975 
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Tas_e IX.—Possible loss of gas demand in 1975 


{Trillions of cubic feet] 


Atomic energy competitive in heating . 
Percent of 1975 estimated demand with no atomic energy 


The petroleum industry does not anticipate that atomic energy will 
become competitive in the fields covered by the estimates in table VIII. 
It appears more likely that some other source of energy might enter 
these fields before atomic energy does. Solar radiation, for example, 
might very well compete with oil and gas in household heating ahead 
of atomic energy. The development of a practical, economical battery 
drive for automobiles—remote as that contingency appears to be— 
seems as likely as propulsion by atomic energy. 


POLICY RECOMMENDATIONS 


The preceding discussion will have made it clear that the petroleum 
industry does not anticipate any disturbing impact from the advent of 
atomic energy. It welcomes atomic energy as a partner as well as a 
competitor. A number of alert oil companies have themselves entered 
the new field and are already engaged in search for uranium ores. The 
petroleum industry anticipates a future demand for as much atomic 
energy as can be installed in addition to full production from oil and 
gas resources. Therefore, it has no recommendations for lessening the 
impact of atomic energy on oil and gas. 

The petroleum industry believes that atomic energy should be vigor- 
ously developed. But it believes also that it should be developed by 
private enterprise. Every effort should be made to put atomic research 
on industrial projects on a commercial basis as rapidly as considera- 
tions of national security and public safety permit. Government re- 
search on peaceful uses of atomic energy should be placed on a par with 
its research on conventional fuels. Looking toward this objective, 
government should release to the public as rapidly as is consistent with 
national security and public safety, classified data bearing on atomic 
energy. At the same time, a broad program of public education in 
the field of atomic energy and its utilization sind be launched and 
vigorously put forward by industry and by Federal, State, and local 
government. 
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Toward the oil and gas industries, Government should maintain an 
attitude which recognizes that, together with coal, oil shale, water- 
power, and atomic energy, petroleum resources constitute the base on 
which the dynamic character of our economy chiefly rests. Petroleum 
resources, as well as atomic energy, should be vigorously and fully 
developed, both at home and abroad. Petroleum resources should also 
be effectively conserved. Their conservation in our own country is 
principally the concern of the governments of the individual States. 
Their development is peculiarly the province of competitive free enter- 
prise, as the record of our domestic industry, in contrast with those of 
other nations which have pursued different policies, cleary demon- 
strates. The economic forces of a free market constitute the best 
assurance of abundant fuel supplies at low cost. 

Government should strive to provide a political environment which 
will stimulate energy resources, including oil and gas, to compete freely 
with each other.. In the case of oil and gas, our domestic resources 
should be regarded as our primary sources of supply. 
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APPENDIX I 


TERMS OF REFERENCE FOR THE STUDY OF THE OIL AND GAS INDUSTRY 


1. Set forth— 
(a) What are present best estimates of United States and world oil and 
gas reserves? 
(6) What are the present rates of consumption? 
(c) What are the present principal uses of oil and gas and what is the 
relative proportion of each use in the overall consumption picture? 
2. Summarize the consensus on— 
(a) What may ultimate econumically recoverable resources of oil and gas 
prove to be in the United States and in the world? 
(1) What significant technological developments are expected to 
change the outlook for economically recoverable reserves? 
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(2) How much effort is now going into such developments in both dol- 
lars and as a percentage of gross industry revenues? 

(b) What is the outlook for oil and gas consumption, assuming no signifi- 
cant inroads from atomic energy in any principal use of oil or gas? 

(c) What changes in relative proportion of principal uses of oil or gas 
are anticipated without allowing for atomic impact? 

. Summarize the consensus on— 

(a) The impact on the oil and gas industry, if electricity can be generated 
from atomic energy in large central stations at a price competitive with 
electricity generated in large oil- or gas-fired central stations? What level 
of power production by nuclear power stations would have to be attained 
before such competition was significant in the total oil and gas marketing 
picture volumewise and pricewise? (In this estimate, attempt to indicate 
if there would be any difference in the character or extent of the impact if 
the time of achievement of competitive atomic power occurs in 1960, 1965, 
1970, or 1975? Would the increasing volume of new generating plant con- 
struction, for example, affect the rate at which the impact would be felt?) 

(b) The impact on the oil and gas industry assuming electricity from 
atomic energy in large central stations becomes technically feasible at some 
cost below the cost of generating electricity from oil or gas? (Taking into 
consideration the variables indicated in 3 (a) above.) 

(c) The impact on the oil and gas industry, if electricity can be generated 
from atomic energy at or below competitive prices for electricity generated 
from oil or gas in units between 5,000 kilowatts and 30,000 kilowatts? How 
would the character and extent of the impact vary if such low-cost gen- 
erators become possible in 1960, 1965, 1970, or 1975? 

(d@) The impact on the oil and gas industry if atomic energy should 
become an economically competitive source of propulsive power for auto- 
mobiles? aircraft? commercial ships? large load vehicles such as earth- 
movers and placer dredges? locomotives? 

4. Compare briefly the depth and seriousness of impact on the oil and gas 
industry as appears most likely from atomic developments with the impact 
which would result from some other major area of development such as radio- 
transmission of energy or an efficient means of converting solar energy to power 
production. 

5. Assuming the impact on the oil and gas industry will be severe in some 
manner in one or more of the hypotheses examined under 2 or 3 above, sum- 
marize the consensus on whether action (either positive or negative) could or 
should be taken to ameliorate this impact by: 

(a) The oil and gas industry 

(b) Federal and State authorities 

If actions are recommended for this purpose, summarize the consensus or 
recommendations made. 


APPENDIX IT 


INFORMATION DESIRED FROM THE OIL AND GAS INDUSTRY 


(1) Proved reserves and total probable resources of oil and gas 


What volume (barrels) of economically recoverable’ proved oil reserves 
(including liquid petroleum gases) and what volume (cubic feet) of economically 
recoverable proved reserves of natural gas do you estimate still remain on 
December 31, 1954, in: 

(a) Western Hemisphere: United States, Canada, Mexico, Venezuela, Colom- 
bia, Peru, Argentina, others. 

(b) Eastern Hemisphere (excluding Union of Soviet Socialist Republics and 
Satellite States) ; Western Europe (France, Germany, England, Holland, Italy, 
Austria, others). 

(c) Middle East: Iran, Iraq, Saudi Arabia, Kuwait, Egypt, others. 

(d@) Asia (Burma, India, Pakistan, others). 


1In this and succeeding questions, please interpret “economically recoverable” to mean 
recoverable at costs net more than double current costs—measured in 1955 dollars. i 
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(e) Far East: Sumatra, Borneo, Java, New Guinea, Japan, others. 

(f) Including proved reserves, what total remaining volume (barrels) of 
economically recoverable oil (including liquid petroleum gases) and what tota] 
remaining volume (cubic feet) of economically recoverable natural gas (cubic 
feet) do you estimate to be present in (1) United States, (2) rest of the world 
(excluding Union of Soviet Socialist Republics and satellite states) ? 

(g) What volume (barrels) of ail do you estimate to be economically recover- 
able from oil shale in the United States? 

What volume (barrels) of oil do you estimate to be economically recoverable 
from the Athabaska tar sands in Canada? 

Do you consider these deposits of oil shale and tar sands as possible future 
sources of liquid fuels in case they are needed? 

If you do so consider them, at what date would you expect them to begin to 
come into the market? Please discuss briefly these possible sources of liquid 
fuels and their place in the supply picture. 

(h) Do you believe technological developments may reasonably be expected to 
aaa the volume of economically recoverable reserves of oil? Please discuss 

riefly. 

How much effort, industrywide, is now going into these developments—meas- 
ured in dollars and as a percentage of gross industry revenues? 

Do you anticipate significant increases in the efficiency of secondary recovery 
techniques in American oilfields? Please discuss briefly. 

(4) What average annual rite of decline in production from American oil- 
fields would you anticipate after the national production has finally reached its 
peak? 


(2) Consumption 

(a) Assuming no significant inroads by atomic energy on the markets for oil 
and gas, what annual demand would you anticipate for each of these commod- 
ities in tha United States in 1965? In 1975? In the rest of the free world on 
the same dates? 

(b) How is the present total demand for oil in the United States divided 
among its principal uses? ‘Total demand for gas? 

(c) Assuming no significant inroads by atomic energy on the market for oil 
and gas, how would you expect the total demand for oil in the United States to 
be divided among its principal uses in 1965? In 1975? Total demand for gas? 


(3) Impact of atomic energy 


(a) If electricity generated in large central powerplants becomes cost-com- 
petitive with low-cost plants now fueled with oil or gas, what level of power 
production from atomic energy would have to be attained before competition 
from atomic energy became significant, volumewise and pricewise, to the oil 
industry? To the gas industry? 

(6) What would be the effect on the American oil industry if electricity from 
large central powerplants became available in 1960 at costs lower than the cur- 
rent costs of electricity from similar plants fueled with oil? What would be the 
effect on the American gas industry if electricity from large central powerplants 
became available in 1960 at costs lower than the current costs of electricity from 
similar plants fueled with natural gas? 

(c) What would be the effect on the American oil and gas industry if elec- 
tricity became available in 1960 from atomic energy in Plants in the 5,000- 
30,000 kilowatt range at costs eompetitive with electricity from similar plants 
fueled by oil or gas? At costs lower than costs for electricity from similar 
plants fueled by oil or gas? 

(ad) What would be the effect on the American oil industry if, in 1960, atomic 
energy should become an economically competitive source of heat for individual 
homes? Of propulsive power for commercial ships? For locomotives? For 
large-load land vehicles such as earthmovers and dredges? For commercial air- 
craft? For automobiles? 

(¢) How would the effect on the American oil and gas industry vary if the 
conditions specified in 3 (b), 3 (c) and 3 (d), above, were not attained until 
1965? Until 1970? Until 1975? 

(f) Recognizing that our liquid-fuel resources are not limitless, how do you 
visualize the transition from our energy-economy as we now know it, to one in 
which atomic energy or some other principal source of energy comes to play 4 
significant part in meeting American and free world energy requirement? 
Please discuss briefly. 
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(4) Impact of atomic energy as compared to that from other possible energy 
sources 


(a) Would the effect on the American oil and gas industry be equally, or more, 
or less severe than the effect of the development of competitive atomic energy, 
if some other major cost-competitive source of energy, such as radio-transmis- 
sion of energy, or the efficient conversion of solar radiation to power production, 
be developed over the period under consideration? Please discuss briefly. 

(5) Policy 

(a) In view of the potential impact of atomic energy on the American oil and 
gas industry as indicated in foregoing section 3, and in view of the availability 
of future supplies of liquid fuels from known sources of oil and gas, as developed 
in foregoing section 1, would you recommend any course of action to be taken 
by the American oil and gas industry to ameliorate this anticipated impact? 
Please discuss briefly. 

_ (b) In view of this anticipated impact, what policies would you recommend 
to Federal, State, or local governments? 

(a) With respect to the development of atomic energy, and 

(0) With respect to the oil and gas industry? 
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Lazsor Aspects or Nuc tear Power DreveELopMENT 


By Charles F. MacGowan, International Representative, International Brother- 
hood of Boilermakers, Iron Ship Builders, Blacksmiths, Forgers and Helpers, 
AFL-CIO 

November 2, 1955 
(Prepared in response to questions submitted by the panel) 


1. What changes do you foresee in the character and extent of skills 
required in individuals employed in the various levels of production 
of equipment for atomic powerplants and how substantially different 
are these skills from those required for comparable activity either in 
the conventional power equipment business or in other activity closely 
paralleling that related to atomic power equipment construction ? 

The full title of the organization I represent is the International 
Brotherhood of Boilermakers, Iron Ship Builders, Blacksmiths, 
Forgers and Helpers of America. By way of explanation, I hope to 
establish that our interests run the gamut from fabrication shops and 
field construction boilers, to the organized shipyards where we are the 
principal craft. Since it is the firebox and boiler of today’s thermal 
powerplants which will be replaced by either the reactor or reactor- 
boiler combination ; and further, since our jurisdiction will encompass 
the reactor-boiler, it is pretty obvious that of all the skilled trades, 
the boilermaker is the trade most affected by a revision of these 
technologies. 

What holds for our trade is probably true for most other trades in 
our field in varying degree. Other trades which will be affected to a 
significant extent are firemen and oilers, ironworkers, and pipefitters. 
To a somewhat lesser degree are electricians, carpenters, and brick- 
layers. 

‘Specifically, in response to the questions posed, we see a most signifi- 
cant change in both the character and degree of skill required by 
individuals engaged directly and indirectly in various levels of pro- 
duction of power and maritime equipment. I must hasten to explain 
since the power equipment of the Nautilus was the progenitor of the 
first large-scale atomic power station, the two are interrelated for only 
the immediate future, and that I do not foresee a proportional rela- 
tionship between the two extending beyond that. 

However, to buttress my remarks concerning the significance of tech- 
nological transition I might add this quote from the Harvard Business 
Review: “At the very instant that the prow of the Nautilus first 
touched the waters of the Atlantic, a demand for a new type of skilled 
worker to build and service atomic ships was created.” Realistically, 
however, we feel that this demand was created at the instant the deci- 
sion was made to go ahead with the ship. This was equally true when 
the decision was made to build the first reactor, and then again when 
the heat produced was made to create steam to operate a turbine. 

As to assessing the changes, and interpreting these changes into 
facts which will be felt by the individuals employed in atomic energy, 
we must realize that of the 66 million persons employed within the 
United States, only about 9 million are considered as skilled workers. 
Quoting from remarks made by Secretary of Labor Mitchell, “We are 
coming more and more to rely on the skilled worker. The nature of 
our work is changing; the nature of our work forse is changing with it. 
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Before this decade, many of the jobs done in plants required no a 
degree of training. * * * Today, by contrast, almost every job re- 

uires a skill of its own.” Granting the accuracy of this statement, 
| might add that as a result of this change in the nature of our work, 
much training and retraining will be needed. 

We are also experiencing shifts in standards or values. Several 
cases might serve to illustrate this point, which might well be the 
case of welding. A weld made 20 or 25 years ago was examined super- 
ficially and with a knowledge of the welder employed, a decision was 
made as to whether it was acceptable or unacceptable. Today, welds 
are made by machine and by hand, and subjected to exotic examina- 
tions, such as Magnaflux, Zyglow, and X-ray. Welds which were 
acceptable yesterday would today probably be unacceptable because 
of this, and also because of new standards for “tightness.” The stand- 
ard for leakage in boilers was determined by the number of drops 
leaked per minute, or the pressure drop over a given period of time. 
They may be compared to a recent stipulation with regard to tightness 
in atomic-energy work which calls for a permissible leakage tolerance 
of 1 drop in 5 years. I understand there are standards even more 
exacting than this. Another aspect is the change in precision require- 
ments. Work is becoming increasingly precise, and it is expected that 
no general letdown in precision standards will be experienced in 
atomic-energy work; but that they will continue on a relatively high 
plateau. Since no craft has exclusive jurisdiction over precise work- 
manship, it follows that all trades, including ours, must learn to 
work to new standards of tolerance. All of the above are essentially 
skills which may benefit by retraining. 

It is likely that new skills will evolve as the technology progresses. 
I can think of examples that may be applicable here in regard to 
handling new tools. For instance, slave manipulators, which may 
become a new tool of atomic-energy facilities. New skills may evolve 
from handling new materials, such as beryllium, which is extremely 
toxic, and must be handled remotely in many processes. 

2. Estimate the extent of demand for improved training and re- 
training programs which will be brought about by the development 
of atomic power of the type and at the rate indicated in the basic 
go submitted. 

ince the military and industry draw from the same manpower 
pool it is necessary to postulate that their cases may be roughly paral- 
lel as to shortages which may exist. It is known for instance, that one 
of the major shortages in the Armed Forces is in construction, utili- 
ties, and allied workers. In 1954, this shortage was estimated at 
23,000. Another instance is in the Armed Forces category “Metal- 
working craftsmen.” As of 1954, the shortage exceeded 6,000. In 
World War II, the shortage of skilled workers was so critical that 
400,000 men under the age of 30 were deferred on the grounds of oc- 
cupational necessity. 

Thus, it is self-evident, I think, that shortages do and probably will 
exist in certain fields. To meet this shortage new men must be 
trained. Today, we are graduating apprentices at the rate of forty 
to fifty thousand per year. We feel that the numbers could be 
doubled (for all trades) with a probable minimum limit of a factor 





108 PEACEFUL USES OF ATOMIC ENERGY 


of 1.5. While these rough figures apply to all skilled trades, they are 
particularly significant as applied to the metal trades. , 

The present skilled workers who wish to enter the new fields includ- 
ing atomic energy, need the opportunity of retraining. I can think 
of three ways in which this retraining may be accomplished, all of 
which deal with the degree of retraining required. For instance, a 
full retraining course would enable a present skilled worker to learn 
an entirely different, but related skill, such as: (1) The present-day 
boiler tube roller making the transition to welder; (2) supplementary 
courses would enable the individual to make the transition to a higher 
skill within his own field, such as: training welders to utilize inert gas- 
welding techniques; (3) requiring less time than the preceding would 
simply be an amplification of an existing skill, i. e., how to use a 
micrometer in place of a rule. 

Realizing the trends indicated in the basic papers as accurate, we 
must draw some interesting conclusions. 1. It has been estimated by 
others that for every boilermaker today, 7 will be needed in 10 years. 
2. Our estimate is considerably less optimistic. We feel that it will 
be necessary to expand the numbers of trained men by a factor of 2 
or 3, over present numbers. This is based on the doubling each 10 
years of installed electrical capacity, with an eventual tapering off of 
the 6.5 percent per year, as indicated. 3. Our problem right now, and 
it is a problem shared with some of the other skilled trades, is to de- 
velop a pool of men or manpower, who will be available and compe- 
tent for use in the immediate future. The long-term answer is, of 
course, an adequate apprenticeship training program which will con- 
vert an untrained man into a reasonably competent workman. For the 
short term it will be necessary to utilize what mechanics we have, and 
upgrade their skills as quickly as possible, since a 4-year lag is created 
between the time the recruit is entered into apprentice training, and 
the time he graduates. 

3. What sort of problems if any would seem to be involved for em- 
ployees engaged in the operation of atomic powerplants as compared 
with — powerplants? How serious and extensive are these 
effects 

Probably the question of greatest magnitude to be faced by the 
persons engaged in the operation of atomic powerplants (as distin- 
guished from fabrication and construction) would seem to stem from 
the fact that these facilities may ultimately be located in remote 
places, while the present nuclear plants are located near quite urban 
centers. One of the assets of a nuclear powerplant is its potential for 
being located where power is needed, rather than where fuel trans- 
portation is available. This problem has been met with varying de- 
grees of success in existing atomic-energy facilities where towns 
have been built adjacent to the plant such as at Hanford and Oak 
Ridge. Wartime pressures moved people to these towns, and under 
wartime restrictions they were content. It is expected that any such 
solution to the powerplant located in a remote area may not enjoy 
similar success. 

In the first place, powerplants will be smaller and employ greatly 
reduced numbers of personnel than an AEC installation of the type 
named. The personnel may indeed be so small as to preclude the pos- 
sibility of erecting any residences for them. If, however, the numbers 
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of people involved will justify the erection of a town, they will be 
small to the extent that they are almost certain to lack the desirable 
elements of larger towns such as hospitals, recreational facilities, and 
the like. 

We wonder, too, if this approach to the remote powerplant problem 
might not again raise the question of company towns against which 
organized labor has militated for so many years. 

Another problem with which employees in atomic powerplants might 
be involved’ is the question of ae properly qualified not only for 
the job, which they intend to fill, but for jobs of considerably growing 
responsibilities, i. e., promotions. Since this problem is touched on 
throughout this paper, I think it is unnecessary to mention it at this 
time. 

Further, American industry has many times displayed its genius 
for breaking down complex sparen such as operation of these 
plants. The highly trained technicians and engineers currently oper- 
ating these experimental models will give way, I think, to especially 
trained skilled and semiskilled workers. This will not obviate the 
necessity for training these people, but it will greatly reduce the 
amounts of training now required. 

4. Evaluate the problem of education and acceptance of the hazards 
which appear to involved through the introduction of atomic 
powerplants, and indicate how these ee best be approached by 
Government, industry, and organized labor. 

The problem of education and acceptance of the hazards of atomic 
plants should really not be considered together, since they are actually 
two different iia, However, since the question is asked in this 
context, I shall endeavor to answer in the same manner. We look 
upon education of the general public as a question of almost overriding 
importance. 

I think the trends in the general direction of public information 
are good, but fall somewhat short of the widespread application 
needed. The effect of education thus far of the general public is some- 
what difficult to assess, because of the lack of coherent statements given 
out by public information groups. We may recall the very unsatis- 
factory results of the hue and cry over fallout which left no one 
knowing any more about the subject, but which gave rise to consterna- 
tion which persists today. In contrast, we mention the Borax experi- 
ments by Zinn, experiments wherein a reactor was allowed to run to 
destruction. The publicity attendant upon this experiment created a 
very favorable atmosphere for the reception of enabling lants in areas 
of fairly high residential density. I remember particularly the state- 
ment by one of the experimentors that as a result of these tests he 
“wouldn’t mind living next door to one.” 

There are a great many misconceptions about atomic energy which 
can be eradicated through dissemination of accurate information. I 
refer specifically to the notoriety given to the heating of individual 
homes, and things of this ilk: a pill dropped into the gas tank of an 
automobile, etc. On the basis of current technology, these are fabri- 
ction and not within the realm of possibility in the foreseeable 

uture. 

There are additional methods of removing apprehensions such as 
more publicity given the activities of the reactor safeguard committee, 
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and to the somewhat elaborate safety precautions taken in Govern- 
ment facilities today, ramifications oF which will be expected to con- 
tinue into the indefinite future. Into this latter category also would 
fall such elements as containment devices, automatic shutdown devices, 
and the like. This is a short-term answer to a long-term problem, 
Education of the general public must begin in the elementary schools, 
and be carried on thavienl the secondary schools. | 

Axiomatic conclusions n.ight be applied to the school system on a 
trickledown basis, where only the basic truisms would enter into the 
elementary schools; controversial problems would be encountered only 
in schools beyond the secondary levels. That some shortcomings exist 
in our schooling system is evident on the basis of the Armed Forces 
examinations, which approximate a fourth-grade education. In one 
large sector of the country 16.4 percent of the men examined failed 
to pass the test. It is evident that our educational standards in general, 
and with specific reference to atomic energy, must be raised. The edu- 
cation of workers falls along about the same lines. Labor unions here 
have a potential for attivey creating an informed work force within 
their limits. 

As to the hazards of atomic plants, I think there is no real basis for 
concern as to whether individuals employed therein will or will not 
accept them. Fields of endeavor today which are very hazardous do 
not lack for labor, because of the hazards alone. Construction work, 
for instance, has no shortage of men who will assume the risks of erect- 
ing structural steel, a stack, or other highly hazardous work. Any 
shortages in this field that may exist, are certainly not as a result of 
the fact that they are hazardous. A reasonable explanation to the 
individual, of how his health and safety standards are safeguarded, 
will more than suffice to dispel doubts as to hazards. People workin 
in atomic fields today are quite impressed with the nethoah eanlne 
such as exposure badges, metering machines, etc. 

Asa matter of economics, and based on other hazardous fields, it is to 
be remembered that pay levels rise by approximately the same incre- 
ment as hazards increase. The balance of the question dealing with 
methods of approach by Government, industry, and organized labor, 
may be answered simply by listing what I believe to be important 
approaches, under each of the three categories ennumerated. 


(a) Approaches by Government 
(1) Review of workmen’s compensation laws, with particular 
emphasis on the statute of limitations applied to atomic energy. _ 
2) Increased study by health departments on the problem of radio- 
activity. 
(3) alias. insofar as practicable, the whole truth about fall- 
out; likelihood of explosion, et cetera. 


(b) Approaches by industry 


(1) Proper training of employees in eying | procedures. 
ta} Continuance in private industry of about the same level of ade- 


uacy of safeguards. 
, (3) Continued emphasis and research on safe design, fail-safe 


equipment, and the like. 
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Adequate yi acquaintance with the consideration of public 
safety applied to all nuclear facility designs. 

(4) Cooperation with labor unions and Government in the prob- 
lem of implementing training programs. 


(c) Approaches by labor 


(1) Cooperation with industry and Government to the greatest pos- 
sible degree, in accomplishing the above. Assist through trade schools 
and ape ereE training instilling fundamental facts of nuclear 
energy, what problems exist, how to cope with them, and fundamental 
emergency procedures. 

5. What broad effects on organized labor appear likely to flow from 
changes in the pattern of location of industry accelerated or made 
possible by the availability of atomic power with its lesser dependence 
on lines of transportation for fuel supply? Assuming that the future 
unfolds as indicated in the attached Bante papers, how will the effects 
on employment, unemployment, and employment dislocation and relo- 
cation come about? i. e., With sharp impact or with gradual? With 
sharp impact in narrow areas? 

It is our considered opinion that the effects on labor generally, and 
organized labor een will come about principally in narrow 
areas growing broader as the technology progresses and is adopted in 
more and more fields of endeavor. This would create a figure roughly 
shaped like a pyramid, where the initial impact is felt chiefly by 
relatively few persons, the effects of the impact growing broader, and 
involving more people as it approaches the bottom. 

There are serious cases of dislocation as a result of technical inno- 
vations in the labor force illustrating a quite different concept wherein 
the impact is felt initially by one group. The impact is then contained 
in this fairly narrow group, with somewhat more effect on each indi- 
vidual, than is contemplated in the case of atomic power. Revision 
of technology resulted in the almost complete eradication of the boiler- 
maker trade on locomotives. That it was narrow can best be illustrated 
by the fact that only railroad boilermakers felt this impact. Other 
workers on railroads were not affected, nor were boilermakers outside 
the field of railroads. Another illustration may be cited in the case 
of the coal miner, where rapid mechanization of the mines has created 
a very serious economic condition for certain sectors of the Nation, 
and is of particular significance to the individual miners displaced. 

Assuming that the future of atomic energy comes about as antici- 
pated in the basic papers furnished, we may expect some unemploy- 
ment. Those persons thus affected will in a very few cases be skilled 
craftsmen. A larger number may be in semiskilled and unskilled 
labor. There will be a severe shortage in some skills and an oversupply 
in others. For instance, there will probably be fewer carpenters and 
iron workers on a nuclear plant with a concomitant increase in the 
number of boilermakers (assuming no severe impact). Shipyard 
emphasis on atomic work could likewise cause similar dislocations. 
We may expect some shifting of normal areas of worker concentra- 
tions if plants are remotely located. As a collateral issue, the building 
of such remotely located plants could result in a more mobile con- 
struction industry. Some wage equalization will be necessary. 


70101—56—vol. 2-9 
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CommunicaTION From J. A. Lanr, Drrecror, Reacror EXPERIMENTAL 
ENGINEERING Division, Oak Ringe Nationa LABORATORY 


Ocroser 17, 1955 


I am enclosing a table of reactor inventories taken from 6 United 
States papers, 1 British paper, and the U. S. S. R. paper, with 
costs and calculated values of tons/megawatt. You will note that 
Simpson’s [Geneva] paper on the pressurized water reactor did not 
cover this aspect. A theoretical calculation * * * indicates that an 
average specific power of 20-kilowatt heat per kilogram uranium is 

ossible with 0.4-inch diameter fuel rods in water-cooled reactors. 
This is equivalent to 0.22 ton uranium per megawatt, which agrees 
with data for other reactors. This value would, of course, have to be 
corrected for any enrichment required. 


Reactor inventories 





| Natural 

Weight, | Cost, dol- | Tons per| uranium 

Fuel, moderator kilo- lars per mega- feed, tons 
grams kilowatt watt per mega 


Capac- 
ity, 
mega- 
watts 


Reactor type 


Boiling water: 
(a) D:O moderated. ---- Natural uranium... 
20 einai ain treet 
(6) DO moderated 2 | 0.92 percent U-235.- 
D:0 
(c) 90 percent D30+-10 52 | 0.85 percent U-235_-. 
percent H30. : 
D:0_. diet hibit 
(d) Natural circulation 1.10 percent U-235.. 66, 000 175-244 
H30 


aU. 
(e) Forced circulation R 1.15 percent U-235. 33, 000 95-135 
H30 


Pressurized water-graphite 0.92 percent U-235.- 41, 000 1 85- 95 
5 percent U-235__..- 500 1 75-130 
1.80 percent U-235.- 24, 600 60-90 
90 percent U-235. . .. 360 54-108 
Thorium 10, 000 2 
Gas-cooled graphite.....-.-- f Slightly enriched 250, 000 93 
uranium. 
Fast breeder § Pu-239_._.. Sie 60-110 
Aqueous homogeneous.. --.. g 13- 27 
3 


; 16 
Liquid metal fuel 23% 17 13- 26 
9 


10 


1 Estimated from data in paper No. 478. 


CoMMUNICATION From: THE Atomic ENERGY CoMMISSION 
Ocroper 24, 1955 


In accordance with your request, attached is a report on “Uranium 
Ore Requirements for Nuclear Power in the United States * * *.” 
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Urantum Ore RequirEMENTs ror NucLeAR Power IN THE UNITED 
STATES 


October 14, 1955 


By Operations Analysis Office, Office of the General Manager, United States 
Atomic Energy Commission 


SUMMARY 


The Office of Operations Analysis has estimated the future uranium 
ore requirements that would result from an expanding nuclear power 
industry in this country. We have prepared data giving ore require- 
ments as a function of time for one reactor of each of several types 
that appear promising now.” We used these data together with an 
optimistic and a conservative forecast of the growth of the civilian 
nuclear power industry * to prepare forecasts of uranium ore require- 
ments. These forecasts cover the period 1961-75 inclusive.“ The 
average annual ore rate required for the period 1960-75 may vary 
from a few hundred to 19,000 tons U,O, per year. ‘The 1975 procure- 
ment-rate range found varies from 6,000 to 90,000 tons U,Os per year. 
Since a large nuclear power business can come about only if fuel 
charges are reasonably low, an estimated probable range of 1975 
procurement rates has been made of 5,000 to 20,000 tons U;Os per year 
for domestic nuclear power. 

1. There are elements of uncertainly that cause the preparation of 
such forecasts to be risky. The future growth rate of civilian nuclear 
power is uncertain. The reactor mix, that is, the types of reactors to 
be built, is an uncertain thing. There are uncertainties in the degree 
of stripping in a gaseous diffusion plant that might be operated in 
conjunction with a nuclear-power program; in the efficiency with 
which chemical and metallurgical processes can be conducted; in the 
amounts of material to be tied up in external parts of the reactor fuel 
cycle; and in the performance characteristics of the reactors them- 
selves. 

2. We used for the optimistic growth forecast the “Psychological 
growth curve” described by W. K. Davis in his talk before the Ameri- 
can Power Conference on April 1, 1955. We modified the data to 
have it start from zero in 1960 (i. e., no reactors operating until the 
start of 1961) and go to 78,400 electrical megawatts in 1975. The 
Davis growth curve displays a slow start in 1961, followed by a spurt 
+or 5 years later. We assumed that each reactor installed was of 100 
electrical megawatts capacity so that we could infer the number of 
reactors installed each year. 

We based a conservative growth forecast on the value of 21,000 
electrical megawatts in 1975 which was the case I optimistic growth 
‘Tate example given in appendix 8 of the 16th Semiannual Report. 
Values for the intermediate years of the conservative forecast were 
obtained by applying the 1975 ratio of the two forecasts to the Davis 
values for those years. 


s nee graph ITI. 
See graphs I and II (also tables I and III). 
See graphs IV and V and tables I, II, and ITI. 
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3. We chose reactor types on the basis of differences in reactor 
fuel and fertile material cycles rather than on straight engineering 
design differences. Each type is briefly described from the point 
of view of the fuel cycle involved. All of the reactors start up on 
uranium. The fluid fuel type was assumed to change over to thorium 
after startup, while the others continue to use uranium. Since this 
study is primarily concerned with ascertaining future raw materials 
consumption, all special nuclear materials demands and outputs of 
the various reactor types have been expressed in terms of the equiva- 
lent quantities of U;O, required to produce the particular quantity 
of special nuclear material under discussion. 


Thermal fluid fuel reactors (recirculating fuel) 

These reactors have quite modest initial fuel requirements, but 
they need a substantial amount of thorium ore for fertile material. 
Small but continuous makeup of fertile material is required, but 
there is no other fuel makeup requirement. The technology of reac- 
tors of this type is still immature. Fuel inventory advantages for 
this type reactor do not yet outweigh the technological disadvantages 
involving many unsolved problems which would likely result in very 
poor pees load factors for such reactors. This leads to high unit 
costs for power because of poorly used capital invested in the reactor 
plant. 


Thermal converter reactors (nonrecirculating fuel) 


These reactors have large initial fuel and fertile material require- 
ments. Continuous makeup of both fuel and fertile material is re- 
quired. The technology of these reactors is the most mature we yet 
know. If plutonium fuel technology is improved, the future feed 
makeup requirements are diminished. Data for a thermal converter 
reactor with plutonium recycle are presented in graph III and may be 
compared with the same reactor without recycle. 


Two-region thermal converter reactors 

These reactors have a smaller initial fuel and fertile material re- 
quirement than the one-region thermal converter reactor. Continu- 
ous makeup of both fuel and fertile material are required, though the 
amounts are again smaller. The idea of a two-region converter is 
to run a spiked core to high burn-up so as to get long burn-up of re- 
generated Pu in the blanket. The presumption is that recycle, or 
even fuel recovery, would not be warranted economically for either 
core or blanket. 


Fast breeder reactor (nonrecirculating fuel) 


These reactors require a substantial initial amount of fuel and 
fertile material. The cumulative fuel requirements increase for a 
few years after startup. Then these reactors begin to pay back 
fuel slowly until ultimately such reactors may pay back the equivalent 
of all of the special nuclear material taken from stockpiles. How- 
ever, fertile material makeup continues to be required. The near- 
term fast breeder is characterized by very low burn-ups and a high 
total inventory requirement. The advanced fast breeder assumed has 
a relatively higher burn-up and requires lower total inventory. The 
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advanced breeder does not pay back fissionable material equivalent 
at any faster rate, but since it requires a smaller initial amount of 
fuel, it pays back earlier its U,;O, debt to the stockpile. 

4. The reactor mix chosen for this paper is composed of nonre- 
cycling thermal converter reactors, aqueous homogeneous thermal 
fluid-fuel reactors, and advanced fast breeder reactors. The distri- 
bution of these three types is as shown below: 


i 
| 1960 | 1965 | 1970 | 1975 


Thermal converters, percent of installed nuclear capacity __----- 100 80 | 

Aqueous homogeneous, percent of installed nuclear capacity -__. 0 10 | 

Fast breeders, percent of installed nuclear capacity 10 | 
\ 


Note that the same mix is used for both optimistic and conservative 
growth forecasts. This gross assumption has recognized inconsisten- 
cies since the actual growth rates will likely be dependent upon and 
determined by the variations in “mix” consequent to technological 
developments. To provide the insight available from examining 
extremes we also show data for several “pure cases,” that is, cases 
where all the reactors built are of one type. 

5. The following reactor pipeline assumptions were used for this 
paper : 

1) The external pipeline quantity required has been assumed 
to be equivalent to a year’s feed requirement for the reactor in 
advance of the device plus a year’s feed requirement following 
discharge.** 

(2) There would be no process losses of material anywhere in 
the cycle, i. e., all scrap and residues would be recycled and recov- 
ered tocompletion. The coarseness of other assumptions justifies 
this simplification. 

(3) For diffusion plant assumptions, see the classified 
appendix. 

6. The great hazard in the use of selective assumptions is apparent 
from an inspection of the tables and graphs. 

The sensitivity of our calculated ore requirements to the power 
growth forecasts is, of course, most significant. This sensitivity may 
be seen by inspecting the graphs showing the optimistic and conserva- 
tive growth forecasts. 

There is similarly a sensitivity of our calculated ore requirements to 
the particular reactor mix used. This sensitivity ae be seen by com- 
paring, for either power growth forecast, the individual “pure cases” 
and noting that our reactor mix is just one particular case of all the 
possible mixes. 

The assumption of pure cases could also lead to a very high or a very 
low estimate of uranium ore requirements, as the graphs show. Simi- 
larly, one could use pure case assumptions to arrive at inflated appar- 
ent thorium ore requirements. ‘The assumption that each reactor to 


Fluid fuel reactors were not treated this way since they run on a continuous cycle. 
These reactors were assumed to need only an initial starting inventory of U-235, which 
oie be paid back. Continuous fertile material makeup (thorium) is, of course, 
equired. 
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be built will be of 100 electrical megawatts capacity is not necessarily 
realistic; however, the raw materials requirements per megawatt of 
capacity do not vary greatly with reactor size at this capacity or even 
for reactors several times this size. It should be pointed out that 
apparently plausible assumptions concerning pipelines for fabrication, 
cooling, chemical separation, and so forth, can give fairly wide 
variations in requirements. 

7. There is interdependence among ore availability (ore costs), 
growth rate, and reactor technology (mix). Assumptions regarding 
reactor types to be built have a large effect on ore requirements. Con- 
versely, the relative abundance or scarcity of ore will directly affect 
the direction in which reactor technology will go. Then again, for 
given conditions of ore availability, the rate of growth of the nuclear 
power industry will affect reactor technology. There is no reason to 
suppose that the same mix would apply to both growth forecasts, as we 
have assumed, but again such a simplifying assumption is warranted 
by the imprecision of the gross forecasts. 

8. Conclusions : 

(a) Forecasts of growth rate and selective assumptions concerning 
reactor mix and reactor cycle and pipeline characteristics are subject 
to much uncertainty. Such forecasts and assumptions are critical in 
determining the ore requirements and lead to much uncertainty in ore- 
requirement forecasts. 

(6) Contrary to apparently widespread ideas among the public, 
breeder type power reactors are not necessarily the best type if a rapid 
growth in nuclear electrical power actually takes place. 

(c) A reactor mix assumption invariably represents someone’s esti- 
mate of the present and future status of reactor technology, and there 
is a real danger that groups may choose such “mixes” with particular 
objectives in mind. 

(d) The presently worldwide increasing ore-procurement rates are 
far in excess of any closeup power reactor requirement rates. 

(e) The impact on raw materials requirements of possible future 
direct use of diffusion plant tails in power reactors has not been 
analyzed here. 

(f) Inspection of the graphs shows that initial inventory bears 
much importance. Thus, for a thermal converter, about 85 percent of 
the 10-year cumulative requirement is for initial inventory. 

(g) A most practicable 1975 range of ore requirements for domestic 
nuclear power reactors is, on the basis of the growth assumptions, from 
about 6,000 to about 60,000 tons of U;O, per year. [The representative 
of the AEC in presenting this paper gave his personal opinion that the 
greatest probability was for a range of 5,000 to 20,000 tons of U;Ox per 
year by 1975.] It is most essential that the limitations of this paper 
be fully understood. It is most risky to quote the ends of the ranges 
given without qualification. 
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TaBLE I1—Annual and cumulative nuclear power installation and cumulative 
uranium ore requirements in the United States—optimistic (Davis) growth 
forecast 


| 
} 


Electric Electric coat ame 
megawatts | megawatts | Kilowatt- | Electric Electric Electric cone 
installed installed | hour/years | megawatts | megawatts | megawatts ns a 7 
annually, jcumulative,| (billions) | installed | installed | installed or ~ 
total total annually, annually, — a- 
homoge- therma ve 
neous converters 


600 j ae 100 
600 100 
700 
700 
800 
1, 600 
2, 500 
3, 100 
6, 300 
7, 700 
8, 000 


2 
S 


x 
= 


| eseegegesees! 


REGRIEo 


onc 





55 


Pon 








Short tons 


Short tons U:0s Short tons 


U30s8 


Short tons Short tons 
Us08 a U305 U30s 


pure case of 
thermal 
converters, 
with recycle, 
cumulative 


pure case of 
thermal 

converters, 

cumulative 


pure case of oe pure case of | pure case of 
two-region homogeneous fast breeders, | fast breeders, 
converters, 7. "| advanced, near term, 


cumulative cumulative cumulative | cumulative 
| 
| 


1, 660 480 960 
3, 370 1, 050 2, 590 
5, 410 1, 800 
7, 500 2, 650 
9, 920 
14, 600 
21, 900 
31, 000 
49, 400 
72, 100 
95, 900 
123, 000 
153, 000 
188, 000 
238, 000 


PAY 


S2SSSN5r 
SESSSSESESE 


required for required for required for Us0s required for | required for 
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TasLe II.—Annual and cumulative nuclear power installation in the United 
States—Conservative growth forecast * 


Assumed reactor mix 


Electro Electro 

megawatts | megawatts Kilowatt- Electro Electro Electro 
installed installed hour/year megawatts megawatts megawatts 
annually, cumulative, (billions) installed installed installed 
1 total : annually, annually 
annually, fast th 4° 

homogeneous ermal 
breeders converters 


161 161 27 
161 322 , 27 
187 509 1 27 
187 696 27 
214 910 27 
428 1, 338 107 
670 2, 008 B. 147 
830 2, 838 174 

1, 687 4, 525 i 228 

2, 062 6, 587 281 

2, 143 8, 730 321 

2, 357 11, 087 3. 428 

2, 571 13, 658 ! 536 

3, 000 16, 658 7233 

4, 339 20, 997 1, 366 1, 366 


S2S8Sse8 








1 Ore requirements for the various cases are not given. They may be obtained from table I by ratioing 
21,000 


78.400" See text for discussion of this ratio. 


any number there by 


TABLE III.—1960-75 average and 1975 annual ore rates for the optimistic and 
conservative nuclear power growth forecasts 


Average ore rate 1960-75 Annual = required in 


(short tons UsOs/year) (Short t on 0,0 year) 


Optimistic | Conservative} Optimistic | Conservative 
forecast forecast ! forecast forecast ! 


Assumed reactor mix 
If al] thermal converters: 
Thermal converter, no Pu recycle 
Thermal converter, Pu recycle.....-.-.---- 
2-region thermal converter 6, 600 
If homogeneous thorium reactor 1, 950 | 
If all fast breeders: 
Fast breeder (near term technology) 32, 100 | 
Fast breeder (advanced technology) 7, 000 | 


in the 16th Semiannua] Report for January-June 1954. All of the ore requirement numbers for the con- 
servative forecast are obtained by direct ratio (21,000/78,400) of the 1975 power forecasts. This is an 
approximation. 
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124 PEACEFUL USES OF ATOMIC ENERGY 
COMMUNICATION From Panet To Atomic ENErGy CoMMISSION 
SEPTEMBER 27, 1955 


You will recall that prior to the panel discussion [of the foreign 
reactor program] a series of questions was submitted to you * * * 
we would appreciate your assistance [in answering these questions]. 


CoMMUNICATION From Atomic ENERGY CoMMISSION 
Ocroper 12, 1955 


In connection with your letter of September 27, 1955, * * * I am 
attaching the questions that were submitted together with the replies. 


THE MATERIAL REQUIREMENTS TO SUPPORT AN INTERNATIONAL PROGRAM 


The answers given below are made prior to receipt of information 
now being prepared by the DOD as to their near- and long-term re- 
quirements, If these requirements are increased, as they may be, a 
complete review of our production capabilities must be made before 
firmer answers can be given to the questions. 

1. Question: Is the quantity of fissionable material now earmarked 
for support of the “United States foreign research-reactor program” 
sufficient to meet the total needs of that program for the period 1955- 
60% Will this quantity cover refueling and reprocessing? 

Answer: The Commission has approved, on a present-planning 
basis, sufficient fissionable material to meet the total estimated needs 
of the foreign research-reactor program for the period 1955-60, in- 
cluding refueling and reprocessing needs. Continuing foreign re- 
search requirements are under study. Prior to being in a position to 
make any further firm plans or commitments various related prob- 
lems, as well as the international aspects, will have to be considered. 

2. Question: Has the United States any plans at the present time 
to expand the international-cooperation program to cover the supply 
by sale, lease, or otherwise, of fissionable materials for foreign nuclear 
power program ? 

Answer: Other than the steps previously taken, of which you have 
been advised, the Commission at the present time has no formal 
plans but studies are now in preparation toward that end. It is hoped 
that these studies will be completed shortly and that further steps to 
expand the international program can be established. 

3. Question : If such plans exist, what is the estimated nuclear power 
production level abroad which may have to be supported by United 
States materials in 1960? 1965? 1970? 

Answer: In connection with our present studies, the estimated level 
abroad, which may be necessary to support with United States ma- 
terial in 1960, is approximately 350,000-2,000,000 kilowatts, and in 
1965 from 1,850,000-5,400,000 kilowatts. No estimate has yet been 
made for 1970. 
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4. Question: Having in mind the statements made in some quarters 
that nuclear power may be competitive in some power-short regions 
of the world before it is competitive in the United States, do you foresee 
domestic demands for fissionable materia] for power reactors as an 
obstacle to initiating or expanding a United States “foreign power- 
reactor program” ¢ 

Answer: We do not presently foresee, during the period through 
1965, the domestic demands being an obstacle to initiating or expand- 
ing a United States foreign power-reactor program. 

5. Question: In considering plans for an international cooperation 
program in which United States firms construct power reactors abroad, 
have you taken into account the possible development of interchange- 
ability of uranium 235 and uranium 233 or plutonium ? 

Question: Has the possibility of such developments tended to re- 
tard decisions to move ahead with construction of power reactors 
abroad ¢ 

Answer: The interchangeability of U-235 and U-233 or plutonium 
will be taken into consideration in the construction of power reactors 
abroad. However, there are many problems involved including ex- 
port of material of potential weapon utility, United States needs for 
Pu or U-233, long-term requirements, plutonium fuel technology, 
etc., that dre not susceptible to early resolution. However, it is not 
believed that these problems will be a bar to moving ahead with a 
program for the construction of power reactors abroad. Other pro- 
grams such as training personnel, research reactors, etc., which are 
necessary steps to the power-reactor programs are now underway. 








BACKGROUND MATERIAL FOR CHAPTER 3 


CoMMUNICATION From Atom1o Energy Commission, Ocroser 31, 1955 


In accordance with your request, attached is a report entitled “The 
Problems, Status, and Outlook of the Sherwood Program.” 


THE PROBLEMS, STATUS, AND OUTLOOK OF CON- 
TROLLED THERMONUCLEAR DEVELOPMENTS 


Prepared by Sherwood Branch, Division of Research, October 1955 


The controlled thermonuclear program—which has as its goal the 
controlled release of energy from the fusion of light nuclei—is being 
actively pursued at three major sites (Los Alamos, Princeton Uni- 
versity, and Livermore), with smaller projects at several other sites 
(Oak Ridge, New York University, etc.). 

In contradistinction to the fission process, in which a very heavy 
nucleus is split into 2 lighter nuclei, the process of fusion involves 
the merging of 2 extremely light nuclei to form a heavier nucleus. 
Both processes are accompanied by the release of energy. As examples 
of fusion reactions, one may mention the following well-known inter- 
actions: 

D+D—>He +n 
or, D+ D-H*+p 
or, D+T—>He*+n 


(Here, D and 7 stand for deuterium and tritium, respectively.) 

The ultimate goal of the Sherwood program is the controlled release 
of energy from the fusion of deuterium nuclei, and the recovery of 
this energy to provide an economic source of power. In view of the 
enormous amount of deuterium in sea water, such an achievement 
would constitute a source of energy virtually without limit. It is, 
however, possible to think of using other lightweight elements in the 
fusion process. 

In order to bring about the fusion of light nuclei, it is necessary to 
provide them with kinetic energy sufficient to overcome their mutual 
electrostatic repulsion and to approach one another to the point that 
fusion may occur. Since elastic collisions (not accompanied by fusion) 
are more likely to occur than the fusion process itself, it is essential 
to consider a system from which the particles cannot escape without 
making many such approaches. This will require a system in which 
the particles are moving in more or less random directions and are 
reflected many times from the confining walls before they either escape 
or undergo fusion. The motion of such particles is said to be thermal, 
and under such conditions it is appropriate to associate a temperature 
with the system, the magnitude of this temperature being propor- 
tional to the average kinetic energy of the particles. The energies 
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which are required in order that the above-mentioned electrostatic 
repulsion may be overcome correspond to temperatures of several 
hundred million degrees. 

It is clear that no container made of ordinary material can confine 
the plasma at these temperatures without vaporizing instantly. The 
only media which conceivably are capable of fulfilling this task are 
electric or magnetic fields, the appropriate use of which may serve to 
insulate the walls of the reaction chamber from the exceedingly high 
temperature at the center. 

Thus, in essence, the problem involved is that of ionizing a suitable 
material (such as deuterium), heating the resulting plasma to tem- 
peratures of 100,000,000° C. or higher, and confining it at this tempera- 
ture for a sufficiently long period of time to permit an appreciable 
fraction of the ions to fuse, with consequent release of energy. To be 
of general usefulness, the energy thus released must then be converted 
into electrical power, either directly or through the medium of suitable 
heat exchangers. 

Each of the major sites engaged in this program is pursuing a 
somewhat different approach. In view of the many basic problems 
still to be resolved before there can be any assurance of success, it is 
exceedingly difficult to estimate the time scale for the development of 
a controlled thermonuclear machine, or the probable characteristics 
of such a reactor once it is developed. It is, in fact, reasonable to 
expect that some approach as yet unformulated may be required in 
order to achieve success. It is virtually certain that no full-scale 
reactor will be developed in the next year or two; it is, however, highly 
probable that success will be achieved eventually. Breakthroughs on 
the one hand, or severe setbacks on the other, can play havoc with any 
estimate that one might give at this time. Even after the development 
of an operating prototype of a full-scale thermonuclear machine, 
many more years of intensive effort would be required to develop 
an economically competitive source of thermonuclear power. 

Any thermonuclear power unit, however, gives promise of being 
extremely safe. In contradistinction to fission reactors, the amount 
of fuel which would normally be within the thermonuclear machine 
(and at operating temperatures) is simply that required to sustain 
the normal power output of the device at any instant. This amount 
would be extremely minute. The fuel supply itself would be stored 
outside the machine chamber and would be wholly incapable of par- 
ticipating in a fusion reaction without first being admitted to the 
reaction chamber and subsequently heated. Furthermore, the possi- 
bility of a serious accident due to failure of any component or to any 
arbitrary mistake on the part of the operator is virtually negligible. 
In addition, unlike a fission reactor, there are no fission products to be 
spread about, even in the unlikely event of an accident. 

With regard to shielding, it must be remarked that any thermo- 
nuclear machine which consumes hydrogen isotopes as fuel would 
produce intense fluxes of neutrons. As a result of the copions yields 
and high energies of the neutrons involved, care must be taken to 
insure that adequate shielding is provided for this radiation. 

It is possible to conceive of a machine which does not produce 
neutrons at all (e. g., one consuming He® as a fuel: ,He§+,He*— 
2He*+2p). While the absence of neutron radiation would essentially 
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eliminate the need for shielding in a reactor consuming this fuel, 
such a reactor is of purely academic interest for the foreseeable future, 
since the temperature which would have to be achieved in this case is 
very much greater than that required for other fuels. 


CoMMUNICATION From Atromic Energy COMMISSION TO THE JOINT 
ComMMITTEE ON ATomic Enercy Ocroper 12, 1955 


Dear Senator AnvEeRSON: This is in reply to your letter of Septem- 
ber 20, 1955, requesting our views as to the legal basis for classifying as 
“restricted data” information concerning the control of thermonuclear 
reactions. 

The Commission is, as you know, presently conducting a number of 
studies as to the feasibility of achieving controlled thermonuclear 
reactions. Although solution of the problems involved can by no 
means be regarded as assured, it appears that any thermonuclear 
reactor will be a substantial neutron producer capable of producing 
substantial quantities of special nuclear material. Hence, it is our 
opinion that information relating to controlled thermonuclear re- 
actions is “data concerning * * * the production of special nuclear 
material” and falls within the definition of “restricted data” as defined 
in section 11 (r) of the Atomic Energy Act of 1954. 

Sincerely yours, 
Lewis Strauss, Chairman. 


THE DIRECT CONVERSION OF RADIATION INTO 
ELECTRICAL ENERGY 


Staff extract of paper by E. G. Linder, P. Rappaport, and J. F. Loferski, Radio 
Corporation of America, RCA Laboratories, Princeton, N. J. 


I. INTRODUCTION 


The direct conversion of nuclear radiation into electricity has re- 
cently attracted considerable attention, particularly during the past 
year with the increasing interest in peaceful uses of atomic energy. 
At the present time, judging from available publications and reports, 
about a dozen research organizations in the United States have active 
projects in this field. It appears that the immediate interest lies in 
the possible application of such a process to produce simple, compact, 
and long-life power sources. However, as will be clear from later 
discussion, only very small amounts of power are feasible at the 
present time. 

It is intended to present a general survey of the various methods of 
direct conversion, by which is meant a one-step process of converting 
the radiation (from radioactive isotopes in the present case) into 
electrical energy. Some of the more interesting and promising meth- 
ods will be given specific attention, and the methods which have been 
studied especially at the Radio Corporation of America Laboratories 
will be described in greater detail. The future prospects of the various 
methods will be evaluated. In general, the aim will be to give an 
up-to-date picture of the direct conversion situation. . 
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The grand total of power available from radioisotopes is limited 
by the supply of fission products produced mainly as byproducts of 
nuclear reactors. It has been estimated that if all the present elec- 
trical power consumed in the United States were produced by nuclear 
reactors the annual output of radioactive waste would be sufficient 
for the production of power at the rate of 400 million watts, which 
represents only a few hundredths of 1 percent of the energy consumed 
in the country. This figure is further reduced because the radio- 
active energy could not be converted into electrical energy with more 
than a few percent efficiency. In spite of those factors, the power 
which might be available is still a substantial amount especially when 
it is compared to the total power supplied in the United States from 
the annual production of batteries which is approximately 2 million 
watts. It is also estimated that by 1965 the United States output of 
fission products should be 6.1X10° grams. This would correspond 
to 3X 10° curies, which would have a heat power level of 6.1 X 10° watts 
atage of l year. However, only a small fraction of this would be con- 
vertible to electricity by direct processes. It is evident from these 
estimates that fission products cannot be considered as a possible 
principal source of power; in fact their availability in large quantities 
is contingent upon the use of reactors as the principal source of com- 
mercial electric power. They should be considered rather as a possible 
auxiliary source of considerable magnitude, with a possible maximum 
roughly equivalent to that produced by batteries at the present time. 


II. Tyres or Rapriarion 


The types of radiation which are being worked on may be classified 
into two categories : 


(1) Charged radiation. 

(2) Uncharged radiation. 
Examples of charged radiation are: electrons or beta rays, alpha par- 
ticles, ions, and fission particles. Examples of uncharged radiation 
are: X-rays, gamma rays, neutrons, and light also may be included 
if it is produced by some nuclear process. 

The most important source of charged radiation at the present time 
is radioactive material, which is available in the form of fission 
products * * *, 

No suitable fission product sources of other types of charged radia- 
tion are available at present, except perhaps polonium-210, which 
is an alpha emitter. However, alpha particles possess the disad- 
vantage of causing serious radiation damage due to their comparatively 
large mass. 

We turn now to the second category of radiation; namely the un- 
charged type. The most important source of this is the sun. How- 
ever, radioactive material is becoming a source of increasing impor- 
tance, although of a somewhat different radiation type within the 
same category. Radioactive materials may produce X-rays and 
gamma rays. By use of indirect processes or auxiliary materials, for 
example phosphors, light also may be produced. 

The most available radioactive source in this class is the gamma 
emitter cobalt-60. Its quantum energy is 1.38 Mev. and its half- 
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life 5.8 years. This is too penetrating to be well-suited for power 
applications. A softer radiation and a longer life is desirable, but 
not available now in practical amounts and at suitable prices. Amer- 
icium-241 may eventually be available, since it is of interest also for 
medical radiography. 

Uncharged nuclear radiation has not been investigated as extensively 
as the charged type in regard to direct conversion processes. This 
may be due to the fact that the latter, by virtue of its charge, is less 
far removed from energy in electrical form, and is compatible with 
a larger variety of conversion processes. Another influential factor 
is probably the lower specific ionization of the uncharged type. How- 
ever, the conversion of uncharged radiation, in particular soft gamma 
rays, is worth further study. This view is supported by the — 
ising results obtained in the conversion of solar light by semiconductor 
junction devices * * *, 

' A further important consideration related to radiation types is the 
power available from a radiation source * * *. The emitted radia- 
tion is limited by the self-absorption of the isotope layer. Increasing 
the thickness does not increase the radiation output indefinitely * * *. 

Another topic connected with type of radiation is that of shielding. 
With any converter it is important that the radiation level it produces 
in its vicinity does not exceed the tolerance value for health protec- 
tion of personnel, or for radiation damage to any other organisms or 
materials. The shielding requirements, therefore, depend upon the 
nature of the radiation. For alpha or beta radiation the solution is 
not as difficult as with gamma rays. The former may be absorbed 
by a few millimeters thickness of almost any common solid. There is, 
however, some production of bremsstrahlung (about 1 percent of the 
energy), and frequently some gamma radiation due to impurities, and 
additional shielding is necessary because of these. However, for 
low-energy radiation such as probably eventually will be used, the 
problem is not serious. 

In the case of gamma radiation the difficulties are more serious be- 
cause of the greater penetration. The absorption is exponential, and 
thus there is no maximum range as with beta particles * * *. For in- 
tense sources the shielding required is prohibitive except possibly for 
large, stationary devices, which might eventually be developed. 


III. Meruops or Conversion 


The processes of direct conversion, may be classified into four cate- 
gories: 

(1) Direct charging methods. These are usable only with 
charged radiation and involve the simple collection of charged 
carriers by an electrode to create a voltage. 

(2) Contact potential methods. These may utilize both types 
of radiation, and operate by using contact potential fields to 
separate charges and produce currents. 

(3) Thermocouple methods. Either type of radiation is used 
to generate heat by simple absorption. The heat is used to 
activate thermojunctions. 

(4) Semiconductor junction methods. Carriers are formed 
within the semiconductor by either type of radiation, and sepa- 
rated by the internal junction field. 
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This classification is not exclusive and other methods are possible 
but it does include most of the methods which have been explored up 
to the present time. 

Some of the principles involved in the direct charging method go 
back to the early days of radioactivity * * *. None of these workers, 
however, were interested in power generation nor were their devices 
suitable for that purpose. The first RCA work in this field with which 
the authors were associated was started immediately after World War 
II, and was aimed specifically at power generation * * * (they ob- 
tained) compar: atively high efficiency, but unfortunately the character- 
istics of { their) particular device did not Vie in a range practica) for 
wide application * * *. It is possible for the current to be increased 
and the impedance decreased by using larger amounts of radioactive 


material. The limitations on this are largely economic at the present 
time * * *. It can produce several thousand volts but the current 
and the impedance depend upon the amount of radioactive material 
used; in fact all direct charging methods suffer this same limitation. 
They should become more feasible commercially as fission products 
became cheaper and more plentiful. 

The second conversion method * * * is the contact potential 
method * * *. This particular device has an especially low efficiency 
due mainly to the low absorption coefficient of gases for radioactive 
radiation, and the high ionization energy for gases as compared to 
semiconductors * * *. How ever, the efficiency may be somewhat im- 
proved by using low-energy radiation or gas under pressure. 

The third or ‘thermocouple method converts radiant energy directly 
to heat and this in turn to electricity by means of the thermoelectric 
effect. If the absorption of the radiation is complete, and in practice 
it could be made nearly so, the efficiency of the method would be that 
of the thermojunction. Since the efficiency increases with junction 
temperature difference it will in general be low for low power in- 
mie? ee, 

The thermocouple method is clearly a simple, rugged and long-life 
process * * *, It appears that this method is worthy of further 
study. 

The fourth or semiconductor method is one in which there has been 
much recent interest. The first work in this field was reported * * * 
in 1954 * * *, The device may be energized by radiation of either 
the charged or uncharged type. By a simple process utilizing the 
internal electric field of the junction the radiation energy is converted 
directly into electrical energy * * *. 

The geometry of such devices is important to the efficient use of the 
emitted radiation. This is true, of course, in the case of any device 
utilizing such radiation. Radiation from radioactive material is 
emitted in all directions. It cannot be reflected or refracted, and thus 
focused, beamed, or concentrated, by any known practical method. 
* * * 

With practical amounts of radioactive material it is possible to 
design small power units, with sufficient current and a suitable imped- 
ance » for operating transistorized equipment. 

On the other hand, this semiconductor type of converter is subject 
to a significant amount of semiconductor radiation damage, when it 
is used with radioactive material of certain types. * * * 
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Fortunately, there appear to be remedies for this type of dam- 
age. * * * ‘Thus the indications are that by using radioactive mate- 
rials whose quantum energy of radiation does not exceed the threshold 
value, it should be possible to construct converters of this type whose 
life is not limited by radiation damage. 


IV. ConcLusions AND PROSPECTS 


In this final section the principal characteristics of the various 
methods will be discussed with a view toward evaluating them for 
practical uses present and future. _ 

Turning first to the direct are methods, it has been seen that 
this is restricted to the conversion of the charged type of radiation 
only. It can produce high voltages readily (several thousand volts 
and up), and 1s capable of the highest efficiency of all methods dis- 
cussed. However, it possesses the disadvantages of low current and 
high internal impedance which can be overcome only by the use of 
large amounts of radioactive material. At the present time, the cost 
of such material is far too great to permit its use in practical devices 
in the amounts that would be required for this purpose. There seem 
to be a few special applications, particularly in the instrumentation 
field (such as dosimeters and radiation meters), where the power 
requirements are in the submicrowatt region. In these applications 
direct charging devices especially of the dielectric film type may come 
into use in the immediate future. Except for such as these it does 
not seem likely that this type of device will be of great practical 
interest until radioactive material becomes cheaper by several orders 
of magnitude than it is at the present time. 

The second method, namely the contact potential one, uses both 
types of radiation, provided that the quantum energy exceeds that 
required to produce ion pairs in gases, which is about 30 electron 
volts in general. Devices of this type produce a fraction of a volt 
per cell * * * the current and ree | are not in a very practical 
range. The cells appear to be quite sensitive to the surface condition 
of the electrodes. No data appear to have been published regarding 
possible radiation damage to these surfaces. The power conversion 
efficiency of this method is severely limited by the high energy cost 
per carrier pair produced. Possible present applications are the same 
as those mentioned for the direct charging method. 

The third, or thermocouple method, depends upon the development 
of heat and therefore is able to use all types of saaiatn, The devices 
are rugged, compact, and of long life. Their only disadvantage 
appears to be their low power conversion efficiency. If further 
research could multiply this by a factor of 10 or more, the thermo- 
couple method would likely move into the practical realm. 

The semiconductor method has attracted more attention than any 
of the others. It can be used to convert the energy of both types of 
radiation, including visible light, and is the basis of the so-called 
atomic batteries and solar batteries. With silicon, which is the best 
material found thus far, outputs of about one-half a volt are obtain- 
able. The current is about 10 microamperes for a 0.3 cm? unit when 
50 millicuries of Sr-Y90 are used. The best observed efficiency is 3 
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percent. However, the current should increase linearly and the effi- 
ciency logarithmically with power input. * * * 

Finally, in regard to all types of power sources using radioactive 
material, there are several problems yet to be solved before such 
devices can be considered practical. These are related to— 

(1) The high cost of radioactive material, 
(2) Radiation shielding, 

(3) Radiation damage, 

(4) Low efficiency. 

In regard to the cost, the more abundant and cheaper beta mate- 
rials include Sr-Y90 which is $500 per curie, and H3 which is $100 
per curie. The most abundant and cheapest gamma material is Co60, 
which costs $50 per curie. United States Atomic Energy Commission 
facilities for the production of these materials are being enlarged, 
but vast reductions in cost will be necessary before practical appli- 
cations will be possible for any power range greater than a ae 
microwatts. 

As pointed out above, the shielding requirements for Sr-Y90 are 
such that small-sized sources are not possible if the external radiation 
is to be held below the tolerance level. Low-quantum energy radiation 
seems to be the logical answer. 

The solution of the radiation damage problem seems to lie also 
in the use of low-quantum-energy radiation, so that the damage 
threshold is not exceeded. Unfortunately, there is not available at 
the present time an abundant, cheap, long-life material of this sort. 
In regard to the damage in the case of the semiconductor process, 
another solution would be the use of a semiconductor material of 
high atomic weight so that the threshold would be raised. 

Although efficiencies of only a few percent have been achieved 
thus far (except for the direct-charging, high-voltage device) higher 
efficiencies are theoretically obtainable by the use of larger quantities 
of radioactive material, as have been indicated above. And here again 
the problem of cost and availability arises. 

Thus it appears that all the obstacles to a practical larger power 
source could be solved by the appearance of a radioactive material 
which was of low cost, had low quantum energy, and a suitable half- 
life. Among available isotopes nickel-63 meets all these require- 
ments except that of cost. It emits 0.063 million electron volts beta 
radiation, and has a half-life of 85 years; however, the present AEC 
price is $45 per millicurie. It is to be hoped that attention will be 
given to this and other materials in the same category. 

Until this ideal radioactive material is available it appears that 
commercial radioactive power sources can be considered only for 
microwatt applications. These might include radiation meters, dosi- 
meters, condenser chargers and leakage compensators, timing circuits, 
current and voltage reference sources, biasing units, simple transis- 
torized equipment, etc. It is to be expected that the practical energy 
level for commercial applications will gradually rise as the atomic- 
energy industry develops and radioactive material becomes more plen- 
tiful. What the ultimate possibilities are for commercial applications 
at higher power levels can be clarified only by future development. 





BACKGROUND MATERIAL FOR CHAPTER 4 


SUMMARY OF SEMINAR ON MEDICINE AND PUBLIC 
HEALTH, NOVEMBER 7, 1955 


Participants were: 

Dr. Shields Warren, discussion leader, New England Deaconess 
Hospital, Boston, Mass. 

Dr. D. Bergsma, State Department of Health, Trenton, N. J. 

Dr. John Bugher, Rockefeller Foundation, 49 West 49th Street, 
New York 20,N. Y. 

Dr. R. Lee Clark, Anderson Hospital, 2310 Baldwin Street, 
Houston, Tex. 

Dr. Lee E. Farr, Brookhaven National Laboratory, Upton, 
Long Island, N. Y. 

Dr. Gamber F. Tegtmeyer, Northwestern Mutual Life Insur- 
ance Co., 720 East Wisconsin Avenue, Milwaukee 2, Wis. 

Dr. Louis H. Hempelmann, School of Medicine and Dentistry, 
University of Rochester, Rochester 20, N. Y. 

a W. Randolph Lovelace II, Lovelace Clinic, Albuquerque, 
N. Mex. 

Dr. Leonard A. Scheele, Surgeon General, United States Public 
Health Service, United States Department of Health, Education, 
and Welfare, Washington, D. C. 

Dr. Robert S. Stone, University of California Hospital, San 
Francisco, Calif. 


Atomic energy is making a significant contribution to the current 
and prospective increase in the average span of human life. This 
contribution comes principally in two fields: the use of the energy 
of radiations in therapy, and the use of radioisotopes in diagnosis and 
research, tagging molecules of interest so that their course may be 
followed in the living organism without harm to it. Atomic energy 
is also a concern to medicine through the increased use of radiation 
and the need for detailed knowledge of its effects on the body. 

In therapy, atomic energy techniques are becoming routine in cer- 
tain hospitals and clinics. Significant advances had been made in 
cancer treatment and palliation although it must be recognized that the 
areas of promise are, thus far, small, Our fund of knowledge of 
what can and what cannot be done is growing steadily and, as research 
is pushed all along the frontier of processes of the human body, more 
significant therapeutic results can be expected. 

Investigations are now underway into the nature and course of de- 
generative diseases and into the treatment of various forms of cancer. 
Blood-volume studies and body-water studies have increased our store 
of knowledge about the human body. Labeled samples of drugs have 
enabled new studies of just how they work. These and other advances 
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in research and diagnosis spell earlier and more definitive treatment 
resulting, in turn, in lives saved or lengthened. Yet, while success has 
been achieved in the development of radioisotope diagnostic tech- 
niques and in broadening the eas of use of them, there is promise that 
even greater advances are possible. 

How far we will be able to go ia the use of atomic energy in medi- 
cine depends upon the extent of the research that will be done and our 
ability to communicate the advances made through research to those 
who are in a position to apply the new techniques to diagnosis and 
therapy. The amount of research that can be done depends on two 
factors: the number of people available and interested in this type 
of work and research support in the form of funds and facilities. 

A shortage of personnel to carry forward research in the appli- 
cations of atomic energy to medicine and public health is recognized to 
exist and this shortage will probably get worse as time goes on. Train- 
ing in the new techniques made possible by the availability of radio- 
isotopes is seriously neglected in most of the medical schools in the 
country. (Seeseminar appendix I).- For the most part training 
has become essentially an on-the-job process. It is recognized, 
however, that the problem faced in medicine is identical with 
that faced in other specialized fields and in particular involves broad- 
ening the base of our educational system and significantly improving 
the quality of teachers. 

The fellowship program financed by the Federal Government in its 
present form cannot do much toward relieving the manpower short- 
age in research in medical applications of atomic energy. The sti- 
pends allowed are much too low to be attractive to many potential 
workers in the field. In addition, an applicant for an AEC fellow- 
ship must pass a full background investigation. The problems of 
clearance, including the length of time required for approval and the 
attendant uncertainty, drive away many potential candidates. 

One solution to the problem of attracting people into the field 
appears to lie in the direction of establishing more atomic-energy facil- 
ities at which research, application, development, and clinical use can 
be pursued: Such facilities should preferably be established and sup- 
ported jointly by Government and private interests and should not be 
limited in objective to medical activities. An arrangement in which 
support of research is diversified has the advantage of preventing 
monolithic centralization with the attendant tendency to restrict lines 
of attack on research problems. The trend toward a reduction in the 
proportion of support for medical research provided by nongovern- 
mental sources is unfortunate. 

The place of the “medical reactor” in the overall program is not 
agreed on. Views range from one that within 10 years every medical 
research center should have a reactor available, to the sand that the 
local usefulness of such a reactor is essentially limited to the produc- 
tion of short-lived radioisotopes. The M. D. Anderson Hospital plans 
a medical reactor (see appendix IT) and will work in conjunction with 
the Rice Institute, emphasizing the training of physicians, research 
workers, and technicians. 

With respect to the hazards problem involved in the use of radio- 
isotopes in medicine, it must be recognized that while experience with 
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radiation and its effects extends over the past 60 years, it was not until 
relatively recently that studies of long-term effects were undertaken. 
Preliminary results indicate that there may be hitherto unrecognized 
side effects in patients who have been subjected to diagnostic or thera- 
peutic use of radioisotopes. It may be noted in passing that it is 
entirely possible that, from the standpoint of genetic changes, the use 
of radiation or radioisotopes in medicine will be a more important 
factor than bomb fallout. The radiation to handling personnel, i. e., 
technicians or physicians, can be minimized by appropriate protective 
measures. ‘The patient who does not keep an accurate tally of radi- 
ation received, on the other hand, may receive injuries which would 
only appear as long-term effects, e. g., more rapid age deteriorations. 
As a consequence of the various hazards, it is clear that the use of 
radioisotopes or radiation should be limited to those patients in which 
some good will be done and indiscriminate use should be prevented. 

It is the type of hazard noted above that introduces the interest of 
both Federal and State public-health agencies in the applications of 
atomic energy in medicine. The public-health problem is basically 
considered a local one with the United States Public Health Service 
acting largely as a focal point and a stimulus for local action. Radi- 
ation dose standards have been established hy the National Committee 
on Radiation Protection (which operates under the auspices of the 
National Bureau of Standards). These standards have been pub- 
lished as a guide to be used in the formulation of State regulation and 
are based upon almost 70 years of experience with radiation in general 
and approximately 12 years of experience in the use of radioisotopes 
on a reasonably large scale. ‘Tolerance dose levels have been relaxed 
from time to time as evidence became available that such action could 
be taken without impairing the health of individuals involved in 
the use of radiation or radioactive materials. It has been thought that 
the National Committee standards were conservative and provided a 
margin of safety against unknown long-term effects. However, there 
is a real possibility that more data on long-term effects of radiation 
will lead to raising the standards rather than relaxing them. 

The use of atomic energy in medicine both by itself and by stimu- 
lating more research into the processes of the human body and par- 
ticularly in the degenerative diseases can be expected to lengthen life 
expectancies, a fact which must also be taken into account in long- 
range planning of public-health agencies. On the other hand, the use 
of radiosotopes in diagnosis and in therapy make it possible for 
patients to be treated as outpatients at a hospital or at home, thus 
effectively increasing the number of hospital beds available in the 
country. 

The salient conclusions are: 

(a) One of the long-term impacts of the use of atomic energy in 
medicine will be to increase the life span of individuals and thus 
contribute to increasing the rate of population growth. 

(6) Near term impacts may, in the absence of corrective action, 
result from the potential hazards, the shortage of manpower, the 
absence of sufficient means for bringing proven techniques into more 
widespread use. Corrective actions suggested include appropriate 
guide-type rather than fixed regulations, broad and specific stimula- 
tion of education, and the establishment of research, application devel- 
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opment, and clinical use centers supported jointly by Government 
and nongovernmental interests. 

(c) While potential hazards do exist to both patient and technician 
or physician in the use of radioisotopes in medicine, relatively simple 
precautionary measures will any ent injury or impairment. Radia- 
tion is not unique in this respect. Every new therapeutic agent ever 
proposed carried some element of risk and one needs to maintain a 
perspective of the risks involved. Thus, in thinking in terms of 
ceuelatine and legislation one has to be careful that the initiative and 
judgment of the physician is not inhibited. There is hidden cost in 
slowness of progress. Developments that are done 10 years from now 
that could be done next year have their cost in disability, illness, and 
death of people who otherwise would have been able to live out useful 
lives. 

(d) The cost of isotopes in useful chemical combinations is a barrier 
to expanded use of atomic energy in certain lines of medical research, 
diagnosis, and therapy. The line of approach to the solution of this 
problem appears in encouraging private industry to enter into manu- 
facture and stockpiling of the required compounds. Asan alternative, 
facilities should be supported by the Government or private interests 
or both for specialized work of this type and adequate publicity should 
be given to this availability. 

(e) Asa result of increased longevity which can be expected in the 
longer term, a great deal of thought must be given to population 
composition of the future and how our economy and our mode of life 
should be adjusted to that changing population composition. 

(f) The present radiation dose standards published by the National 
Committee on Radiation Protection appear to be realistic and, if any- 
thing, conservative. Changes are likely to be on the side of increased 
conservatism as results become available from studies on long-term 
effects. 


SemINAR AppENDIXx I 


Tue Stratus or THE TEACHING PrRoGRAM oF THE CLINICAL UsE OF 
Raprorsorores TO MEepIcaAL STUDENTS 


Dr. B. V. A. Low-Beer sent a letter to the deans of 80 medical schools 
in the United States, the opening paragraph of which read as follows: 
“Upon the request of Dr. John Lagen, acting dean, I am to study the 
teaching of the clinical use of radioisotopes to medical students in 
medical schools. I am soliciting your assistance to gather informa- 
tion on the following :” 

The following answers were received from the medical schools in 
reply to the uestionnaire sent out by Dr. Low-Beer. Answers are 
given in aia of schools reporting. The answers are put down 
immediately following the questions. The questions are idemtical to 
those in Dr. Low-Beer’s letter. 

A. Is this subject formally taught in your medical school as: 

1. Acourseinitself? Schools answering: Yes, 10; no, 64; no answer, 6. 

2. Integrated with other courses? Schools answering: Yes, 70; no, 2; no 


answer, 8. 
B. How many class hours are devoted to the subject? 
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Number of schools 


1 to 5 hours 





Freshmen 18 
Sophomores 22 | 
Juniors 28 
SenlOPS...0---cccnnscccecnccncceeccennccscnccccen| 18 


Total hours 


| 


1to5 | 6 to 10 Ll to 15 16 to 25 | 





| 
Number of schools- - - | 35 | 15 | 13 | | 13 





C. Is this subject taught in conjunction with and time allotted to: 
Schools Schools 
Pathology I ili cicada 2 


= 


Internal medicine NN tie cas as 7 
ieee dhe iis cachniddoipentianuaebiion 25 | Physiology 
6 


D. If this subject is not included in the present teaching program, is it your 
and your faculty’s intention to introduce it as an integral part of the curricu- 
lum? Yes, 15; no, 18; no answer, 47. 

E. Should the teaching include the use of radioisotopes for: 

1. Tracer studies or investigative tools? Yes, 70; no, 9; no answer, 10. 

2. Diagnostic laboratory tests? Yes, 70; no, 0; no answer, 10. 

3. Therapeutic uses? Yes, 69; no, 1; no answer, 10. 

I’. Should such a course include lectures with laboratory exercises, or lectures 
only? Lectures only, 10; lectures and laboratory, 63; no answer, 7. 

G. In your opinion, should this subject be presented only in its relation to 
diagnostic and therapeutic radiology, or should it encompass all medical uses 
of atomie energy (i. e., industrial medicine) and the dangers of ionizing radia- 
tions in peace and war? All uses, 63; radiology only, 10; no answer, 7. 

H. If the subject is formally taught in your school, do you have a syllabus 
available? Yes, 3; no, 70; no answer, 7. 


SemMINAR Appenprix II 


Nuctear Reactor Prosect, Untversiry or Texas M. D. ANDERSON 
Hospitat AnD Tumor Institute, Ocroper 1955 


INTRODUCTION 


The University of Texas M. D. Anderson Hospital and Tumor 
Institute has for some time given consideration to the possibility of a 
nuclear reactor being obtained by the institution for an extensive pro- 
gram in experimental radiation work. This program is designed to 
include experimental clinical work with external beams of neutrons 
and y-rays for therapeutic purposes, and with isotopes, particularly 
short-lived isotopes, for investigational purposes and further to pro- 
vide a neutron facility for fundamental studies in radiation biology, 
radiation chemistry, and radiological physics. A preliminary survey 
of a nuclear reactor project suitable for the institution in its location 
in the Southwest area is contained in a preliminary report prepared by 
Dr. W. K. Sinclair, physicist, January 1955, and revised in March 
1955. The results of these preliminary surveys indicate that a nuclear 
reactor would be an extremely important research facility with which 
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the University of Texas M. D, Anderson Hospital and Tumor Institute 
feels it ought to be equipped. It has therefore been decided that 
definite proposals for the construction and erection of a nuclear reactor 
in accord with the proposed program should be undertaken. 


THE REACTOR 


The proposed reactor should meet the following general require- 
ments: 

A. Slow neutron beam: There should be provided a slow neutron 
beam of at least 10” neutrons/cm?/sec at the treatment point. The 
beam should be horizontal and variable in area. On-off should be con- 
trolled by shutter independent of reactor operations. 

B. Core y-ray beam: A horizontal core y-ray beam should also be 
provided with a y-ray dose rate of between 30 and 100 r/min at a con- 
venient treatment point. Again the field size should be variable. 
The neutron contamination should amount to not more than 2 or 3 
percent of the y-ray intensity. On-off control should be by shutter. 

C. Fission-product gases: The reactor must be able to provide 
fission-product gases which can be condensed externally and used for 
direct beam therapy or for other internal therapeutic purposes. With 
a reactor meeting the conditions of A and B, there will normally be 
sufficient fission-product gases available to provide a y-ray beam of 
equal intensity to that in B and with independent on-off control. 

D. Isotope facilities: A flux of slow neutrons of at least 10” 
neutrons/cm?/sec must be available in the isotope facilities and there 
should be adequate irradiation volume available so that at least 50 
samples can be irradiated. A number of these should be able to be 
irradiated independently so that samples can be inserted and removed 
without pile shutdown. 

E. There must be available a separate neutron facility with a flux 
of at least 10" neutrons/cm?/sec for the irradiation of animals and 
other biological and chemical materials and a volume sufficient to 
accept animals at least as large as a rabbit (suggest 1 cubic foot). 

F. There must be available several small neutron ports for the study 
of the neutron characteristics of the reactor itself and for cooperative 
experiments with physics groups. 

G. It is anticipated that the reactor power will need to be of the 
order of 500 kilowatts and the facility should be designed so that the 
duty cycle can be of the order of 50 percent or higher. 


REACTOR LOCATION AND BUILDING 


It is proposed that the reactor be located in a special building to 
be situated alongside the new supervoltage radiation therapy wing of 
the present M. D. Anderson Hospital and Tumor Institute. The 
reactor building will occupy three floors with the reactor volume itself 
occupying the space between the second and third floor levels. Prob- 
ably it will be preferable to have the lowest level beneath ground, the 
second floor level with the ground, and the third floor at first-floor level 
above ground. The design of the building will be such as to permit 
easy ingress and egress of patients at ground-floor level so that the 
horizontal beams from the reactor will be on this level. All the 
isotope handling facilities and the laboratory facilities will be located 
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either at a distance from the reactor on the ground-floor level or on 
the first-floor level above it. The reactor operations control will prob- 
ably be at both the ground-floor and below-ground level. The below- 
cround area will also act as a secondary patient area where the fission 
product gases will be utilized as a y-ray beam. The total area of 
building available for the reactor project will be about 12,600 square 
feet, 4,200 square feet being available on each floor level. 


STAFF 


In the initial planning stages it will be desirable to have the services 
of consultative staff. If any such people are available, their services 
should be obtained at once; for example, there is Dr. Little at the 
University of Texas who was associated with the Convair reactor in- 
stallation. However, it is generally recognized that consultation on 
such programs is sentiiar by the commercial firm to whom it is 
intended to give the reactor contract. It would, therefore, be desirable 
to consider having a reactor proposal submitted to various commercial 
tirms who might be interested in this proposal (and at least four or 
more firms will be) and obtaining their bids and advice as to how the 
program might be worked out. If a bid is accepted, most of the con- 
sultative advice will then follow. 

Apart from actual research staff, which we are still endeavoring 
to build up, we will need additional staff on reactor operations and on 
the isotope-handling service. We should, therefore, proceed to make 
contacts with a possible reactor operations engineer and assistants 
and one or more technicians in the reactor-operations group. We 
should also endeavor to obtain a physicist or chemist suitable for 
reactor-isotope handling who would be responsible for the packaging, 
irradiation, and subsequent handling and delivery of isotopes in the 
immediate area. Thirdly, we should consider elaborating our present 
health physics precautions and adding to the staff a person of con- 
siderable experience in health physics and willing to take a position 
as health physicist for the reactor operation and other phases of the 
University of Texas M. D. Anderson Hospital’s radiation facilities. 


COST 


The program is expected to take an overall cost of about $1 million. 
The detailed breakdown of this cost would not be available until we 
have more accurate cost on the reactor itself and on the building. 
These could be obtained within a comparatively short time. It is 
subsequently anticipated that the overall running costs of the program 
may be of the order of $150,000 a year. 

W.K. Srncxiair, Ph. D., 
Chief Physicist. 


Atomic ENrercy in MEDICINE 


Louis H. Hempelmann, M. D., and Shields Warren, M. D. 


Although ionizing radiations have been used in medicine for almost 
60 years, it has only been during the past 20 years or so that artificially 
prepared radioisotopes have been available for clinical medicine and 





142 PEACEFUL USES OF ATOMIC ENERGY 


medical research. Prior to this, naturally occurring radioactive mate- 
rials, primarily radium, had been used extensively in medicine. Be- 
sides being employed as a source of radiation in the treatment of vari- 
ous diseases, oral and parenteral radium was widely prescribed during 
the 1920’s and early 1930’s as a specific therapeutic agent for many 
diseases and asa tonic. <A few of the naturally occurring radioactive 
materials, chiefly radiolead, were also used in medical research at this 
time. 

With the development of charged particle accelerating equipment, 
especially the cyclotron, artificially prepared radioisotopes became 
available to a few physicians and medical scientists in the mid-1930’s. 
In 1936 radiosodium, made on the Berkeley cyclotron, was given to a 
human subject in an experimental study. conducted by Dr. Joseph G. 
Hamilton and Dr. Robert S. Stone of the University of California. 
In the latter part of the 1930’s, radioactive phosphorus was shown to be 
useful in the treatment of leukemia and polycythemia. The thera- 
peutic applications of artificially produced radioactive isotopes de- 
veloped in Dr. John Lawrence’s hdhiematne in Berkeley were quickly 
adopted by a few other experimental isboratoethe in the country. 
Radioiron and radioiodine were also used in some clinical studies at 
this time as were a few other artificially prepared isotopes. Jn gen- 
eral, the medical work with artificially produced radioisotopes before 
the war was limited to a few large medical centers which had access 
to physics laboratories possessing charged particle accelerating 
equipment. 

With the development of the uranium pile, there was an abrupt 
change in the situation regarding the availability of radioisotopes for 
medical use. Although the pile could not produce the extensive variety 
of isotopes made by cyclotron bombardment, the quantities of radio- 
isotopes of medical interest produced were vastly greater. Even in 
the case of the early piles which were not designed for isotope produc- 
tion, the factor limiting the production of isotopes in usable form was 
largely the technical radiochemical difficulties involved in isolating the 
desired elements. In an effort to make radioisotopes generally avail- 
able to the medical profession as well as to science and industry at 
large, the Manhattan District set up an Isotopes Division at Oak Ridge 
in 1946 and asked the Chairman of the National Research Council to 
appoint an advisory committee to recommend policies and aid in estab- 
lishing arrangements for isotope distribution. The organization set 
up thereby was adopted by the Atomic Energy Commission in 1947 
and continues to flourish at the present time with some modifications. 

In the past 9 years the use of isotopes in diagnosis and therapy has 
become generally accepted by the medical profession. Two prepara- 
tions of isotopes (sodium radioiodide and sodium radiophosphate in 
sterile solution) are recognized by the United States Pharmacopoeia. 
There has been a great increase in the quantity of isotopes used in 
medicine as well as in the number of institutions using isotope tech- 
niques. The increase has been particularly marked since 1950 when a 
uranium pile at Oak Ridge especially designed for isotope production 
was put into operation. In addition to radioisotopes made in this way, 
the Isotopes Division also distributes stable isotopes as well as isotopes 
made by cyclotron bombardment. 
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With the increased use of isotopes, related industries virtually non- 
existent before the war have grown up to supply equipment to the 
users. Certain aspects of hospital and medical institute design have 
been influenced by the acceptance of radioisotopes as a therapeutic and 
diagnostic tool. By studying the trends during the past 9 or 10 years, 
it may be possible to make predictions about the future, assuming that 
these trends continue. 

A, RADIUISOPOPES 


1. Volume of isotopes used 


The vast increase in the use of radioisotopes is shown in the chart 
prepared by the Isotopes Division of the Atomic Energy Commission. 
Whereas in 1946 only 8 curies of radioactive isotopes were distributed 
from Oak Ridge, 30,000 curies were shipped in 1954. This figure in- 
cludes industrial as well as medical usage but most of the material, 
75 percent being a reasonable estimate, is used for medical purposes. 
The sharp rise in the last 2 years is due largely to the distribution of 
large cobalt sources to individual users. Thus, in the 5-month period, 
January to May 1955, cobalt 60 accounted for almost 14,000 of the 
17,730 curies shipped from Oak Ridge. During the same period, the 
Isotopes Division distributed 275 curies of I“, 101 curies of P** and 
325 curies of Au?*®, 

Radioisotopes are now used in 2,416 institutes throughout the coun- 
try. Of these, 870 are hospitals or medical clinics, 212 are colleges 
and universities, and 237 are Federal and State laboratories. The 
remaining 1,200 institutions are industrial in nature. It has been 
estimated that in the past 9 years, 500,000 patients have been given 
isotopes for diagnostic purposes and one-tenth of this number has 
received therapeutic doses. 


2. Medical users of isotopes (exclusive of research) 


Of the many radioisotopes available, only six are used in large quan- 
tities in medicine. They are I*1, P**, Au, Cr®!, Co”, and Sr®. Table 
I lists the main uses to which these isotopes have been put in clinical 
medicine. No attempt has been made to enumerate radioisotopes 
used in basic research related to medicine. 


TABLE I.—Medical uses of atomic energy (exclusive of research) 


A. Therapeutic (malignant disease) : 
I, External sources of irradiation : Number of institutes 
(a) Teletherapy : with AEC license 
1. Cobalt ‘Co™) 
2. Cesium (Cs) 
(b) Topical: 1. Strontium (Sr®) 


II. Internal irradiation: 
(a@) Mechanically placed : 
1. Needles or beads: Cobalt (Co™”), iridium (Ir), 
and Yttrium (Y”) 
2. Colloids: Gold (Au™) or chromic phosphate 
(Cr™PO,) 
(b) Biochemically or physiologically placed : 
i Selective uptake: 
I 


70101—56—vol. 2 11 





144 PEACEFUL USES OF ATOMIC ENERGY 


Taste I.—Medical uses of atomic energy (exclusive of research)—Continued 


B. Diagnostic: Number of institutes 
I. External sources of radiation for radiography : with AEC license 
(a) Thulium (Tm*”) and strontium (Sr”)-------------__ — hese 
II. Internally administered isotopes : 
(a) Diagnosis of malignant tumors: 
1. Brain, 1" labeled compounds, P*, positron 
emitter (As“ and Cr*) 
2. Thyroid, I™ 
3. Others, P”, K® 
(b) Diagnostic procedures in benign conditions: 
1. Thyroid function, I™ 
2. Blood volume, I™ and Cr™ labeled compounds__ —__ 
3. Water volume, D.0, T,0 
4. Cardiac output, I“™ Albumin 
5. Vascular disorders, Na™, 

Besides the most widely used isotopes (I'*, P%, and Au’), the 
high and medium specific activity cobalt therapy units used for tele- 
therapy are of particular interest. The production of such sources has 
lagged due to technical difficulties in activating the cobalt but the 
supply of high specific activity cobalt is now increasing rapidly. At 
the present time, there are 44 units of more than 600 curies in use in 
this country. Twenty-six contain more than 1,000 curies, the largest 
being a 1,900-curie source at the University of Michigan. Eighteen of 
the kilocurie units have been produced in America, the remainder 
having been made in Canada. Although only one cesium 137 therapy 
unit is now in use, this isotope is now also becoming available. The 
second unit of 2,000 curies for the University of Michigan should soon 
be ready. 


3. Cost of radioisotopes 

The cost of isotopes as purchased from the Oak Ridge National Lab- 
oratory is nominal, ranging from 10 cents per millicurie for tritium 
to $36 per millicurie for carbon 14. The AEC published prices which 
cover only production and handling costs do not apply to isotopes 
used in cancer work. Isotopes used for this purpose were distributed 
free to authorized users from 1948-52 and at 20 percent of cost since 
then. As of July 1955, the price reduction was extended to cover 
all isotopes used in biomedicine except for fixed sources of radiocobalt 
used for therapy. In the case of large sources of radiocobalt, the cost 
is high, varying from $2,100 to $14,000, depending on the specific 
activity. 

B. RADIATION DETECTING INDUSTRY 


Before the war the industry concerned with radiation instruments 
was limited to a handful of companies. In the days of the Manhattan 
project, instruments were built chiefly by Government laboratories 
or their contractors. In 1946, an instrument division was set up in 
Oak Ridge by the Manhattan District to encourage the development 
and production of radiation detecting equipment by private indus- 
try. This industry has grown rapidly, its volume of business increas- 
ing from $4 million per year in 1948 to $20 million per year in 1952. 
Present volume is estimated to be $30 million per year and it is pre- 
dicted that by 1960, the sales will amount to $50 million per year. At 
the present time, only 6 of the 96 companies making radiation detect- 
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ing equipment have a sales volume over $1 million per year. Ejighty- 
tive percent of the companies are small, doing less than $300,000 of 
business per year. Seventy-nine to eighty-five percent of the market 
is supplied by the Government and governmental-financed contractors 
and the profits of the industry are not great. In addition to com- 
panies making radiation detecting equipment, there are about 10 or 
11 other concerns which also make film used by workers with radia- 
tion. 

Medicine provides a market for only a small fraction of the radia- 
tion detecting industry. The number of medical users has roughly 
doubled every 2 years since 1946 and, at the present time, 870 hos- 
pitals or medical laboratories are using radioisotope techniques. It 
has been estimated that the sale of instruments to new and continued 
medical endeavors during the next 5 years will amount to a total of $20 
million if the present trends continue. The cost of individual pieces of 
equipment is high, ranging from about $1,000 for a fully equipped 
scaling circuit and counter of the simplest type to $30,000 for the 
multiport, in vivo scintillation counter developed at the Donner Lab- 
oratory. One company has sold 54 units of a single probe scanning 
scintillation counter used for localizing tumors at a unit cost of $3,600. 


C. CHEMICAL COMPANIES PRODUCING LABELED ISOTOPES 


The istopes distributed by the Oak Ridge National Laboratory are 
usually in a simple inorganic chemical form. They must be assayed 
or, at least, subjected to some preliminary treatment before being 
used in clinical or experimental work. Of the commercial suppliers 
of labeled compounds, only the Abbott Laboratory has specialized in 
processing and packaging its products so that they can be used by 
authorized physicians with a minimum of inconvenience in handling 
before use and in disposal after use. Thus, they provide sterilized 
I*** tagged albumin made up in pyrogen-free water or NaI *™ in 
capsules for testing thyroid function. By using such a service, hos- 
pitals and clinics are able to reduce laboratory and personnel costs. 

For other medical studies, particularly those of a research nature, 
it is usually desirable for the isotopes to be incorporated into organic 
compounds of biochemical interest. A number of companies have 
been established to supply such labeled compounds. In January 1954 
there were 15 chemical suppliers which listed 365 compounds labeled 
with Carbon 14, 25 compounds labeled with I'**, and 28 labeled with 
5°. At the present time nearly 1,000 labeled compounds are avail- 
able from 25 companies. 

In the case of simple labeled compounds, the cost is not high. For 
example, I? labeled albumin can be purchased for $15 per millicurie. 
Sulfur labeled compounds are usually somewhat more expensive; 
for example, methionine costs $35 per millicurie. Carbon 14 labeled 
compounds are more expensive, all organic forms costing more than 
$100 per millicurie. The price ranges up to $1,500 per millicurie for 
D-glucose labeled in the 2 or 6 position. This high cost of these com- 
poy precludes their use in human subjects even on an experimental 
asis. 





146 PEACEFUL USES OF ATOMIC ENERGY 


D. HOSPITAL AND LABORATORY DESIGN 


The use of radioisotopes in medicine has had relatively little influ- 
ence on hospital and laboratory design. Only a few hospitals or 
medical institutions have installed the ty pe of “hot” laboratories used 
in the atomic energy program. The amount of radioactivity handled 
in most hospital laboratories requires only slight modification of an 
ordinary chemical laboratory at a cost of several hundred dollars. 
There is no need for special facilities for decontamination or disposal 
of radioactive materials in the case of most patient work. The equip- 
ment used in the usual hospital laboratory varies in cost from less 
than $2,000 for a simple diagnostic unit to study thyroid function to 
$3 ,000-$3,500 for an er dinary diagnostic and therapy unit. Of 
course, it is possible to spend large sums of money for more elaborate 
equipment used for specialized purposes. 

The hospital design required for teletherapy does not differ from 
that used in high- voltage X-ray therapy. The cost of shields for 
hectocurie or kilocurie sources varies from $20,000 to $35,000. 


E. TRAINING 


Few universities or medical schools offer formal courses in bio- 
physics, radiobiology, or tracer chemistry. As a rule, medical] stu- 
dents have little contact with these subjects except for occasional 
lectures given in the departments of biochemistry or radiology. On 
the other hand, there is some preceptor-type training given to gradu- 
ate students working in preclinical departments and they may use 
isotope techniques in ‘the coarse of their general training and research. 
Graduate physicians may acquire knowledge in the field of isotopes 
and atomic energy by attending the basic and advanced courses at the 
Oak Ridge Institue of Nuclear Studies. The basic course lasts four 
weeks and is now given four times a year. A total of 2,328 people 
have attended these courses, approximately half of them being in 
medicine or related fields. The Brookhaven and Argonne National 
Laboratories have facilities for training guest investigators, especially 
during the summer months. 

The Atomic Energy Commission fellowships are now limited to 
the field of health, shy sics, industrial medicine, and industrial hygiene. 
Heretofore gener ral postdoc torateship fellowships were offered by the 
AEC; however, these have ben discontinued and a partial substitute 
has been provided by authorization to the National Science Founda- 
tion to grant postdoctor ateship fellowships which may cover tech- 
niques involving atomic energy. The stipends in both the Atomic 
Energy Commission fellowship program and the National Science 
Foundation fellow ship program are essentially nominal and in expe- 
rience have not proven sufficiently attractive to ‘become a useful mecha- 
nism for stimulating entry into the field of applications of atomic 
energy to medicine. 
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MEDICINE AND PusBiic HEALTH IN THE ATOMIC ERA 


United States Public Health Service, Department of Health, Education, and 
Welfare 


When the first self-sustaining but controllable nuclear chain reaction 
took place on December 2, 1942, man obtained a new source of power. 
During the years of bitter international conflict and relatively small 
supplies of workable uranium ore all this potential power was directed 
toward military ends. Today, as proved reserves of workable 
uranium ore increase and international tension lessens, the world can 
turn this new-found energy source increasingly into peaceful channels. 
As skill in utilizing atomic power develops, a higher standard of living 
for all men seems possible, and the impact on remote, power-deficient 
areas is almost beyond calculation. Historically, rt ad- 
vancement and a greater use of power from ordinary fuels have been 
preludes to a generally enhanced purchasing power. Improvements 
in nutrition, vigor, and longevity are both results and causes of eco- 
nomic progress. ‘The economic potentialities of atomic energy stagger 
thé imagination, though their complete realization may lie far in the 
future. 

In one sense there is nothing basically new in obtaining energy from 
nuclear reactions. The energy appears as heat, which engineers know 
how to convert into steam and ince power. Metallurgical prob- 
lems of great difficulty confront the nuclear-power engineer, however, 
hence entirely new methods for utilizing nuclear energy must be 
sought. Nevertheless, workable systems are now available, with ad- 
vances to be anticipated in efficiency of energy utilization, ease of 
operation, and operational safety. 

The position of the physician and public-health official is not so 
simple as that of the engineer. The liberation of nuclear energy is 
accompanied by the release of fantastic amounts of ionizing radiation, 
both at the instant of energy release and in the residual radioactive 
fission products which decay for many years. Penetrating radiations 
were recognized in 1895 when Roentgen discovered X-rays; almost 
immediately it became evident that these radiations affected living 
tissues, 

Although radiations from X-ray machines and from radium have 
been used in medicine for over 50 years, little is known of the mech- 
anism by which they affect the substances which absorb them. For 
example, an enormous amount of research has been devoted to the 
effects of radiation on water, a relatively simple chemical compound; 
yet today this action is not completely understood. 

T-vo facts stand out clearly and make biological problems extremely 
complicated. The first is the extraordinary sensitivity of living tissue 
to radiation. We do not know with any degree of precision the lethal 
dose for man, but it is almost certain that a single whole-body dose of 
less than 1,000 roentgens would kill 100 percent of the population. 
rhe energy absorption associated with a radiation dose of 1,000 
roentgens will raise the body temperature about 0.002° C. Less than 1 
atom in 10 million in the body will be directly affected by the absorp- 
tion of this fatal dose. The rest will have no immediate warning 
that anything is amiss. 
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The second important fact is the delay between radiation exposure 
and development of symptoms. With most toxic drugs and poisons, 
the effect of an overdose is seen within a few hours. A radiation. 
induced cancer may appear 10 to 20 years after a radiation over- 
exposure, while genetic effects may not appear for several eer Ew 
With lethal doses symptoms develop in perhaps 2 weeks, and the 
patient’s course is generally downward. On the one hand the delayed 
action may conceal a considerable amount of injury, unrecognized 
when damage was done, but with inevitably serious consequences. On 
the other hand the delay gives ample time for therapeutic measures if 
and when any are discovered. 

Although man is almost completely ignorant of the mechanisms by 
which radiation acts, he has been able to make considerable progress 
in utilizing these radiations in a wide variety of applications. As 
more and cheaper sources of radiation become available many more 
beneficial uses, undreamed of today, can be anticipated. 


USES OF RADIATION IN MEDICINE AND PUBLIC HEALTH 


Before the intensive wartime program leading to development of 
the atomic bomb, medicine’s radiation sources were X-ray machines 
and radium. The X-ray machines generally operated at voltages of 

250 kilovolts or less although interest was developing in higher volt- 
age, more penetrating radiation. A few hospitals maintained radium 
solutions from which radioactive radon gas was pumped every few 
days. This gas, sealed into tiny “seeds” of carefully calculated 
strengths, can be implanted into the cancerous tissue to be destroyed 
by the radiation. 

Radium is a naturally occurring radioactive element, with nine 
radioactive “daughter” products. It exists in limited supply in certain 
ores; purified samples require processing enormous quantities of ore. 
Since radium was expensive and was always in short supply, it was 
not as widely used in medicine as need might indicate. 

During the atomic bomb development program there was intense 
activity in practically all phases of radiation. Years of work were 
crammed into months or weeks, and new materials and techniques 
developed almost overnight. As a result of this stimulation, machines 
capable of producing radiations with millions or even billions of volts 
of energy are now available. X-ray machines capable of producing 
penetrating radiation at 1 million volts or more are now quite common. 
No longer is the therapist restricted to the classical 250-kilovolt 
machines. 

With the development of nuclear reactors radioactive isotopes could 
be made on a grand scale. Radioactive isotopes have all of the chem- 
ical properties of their normal, nonradioactive counterparts, and 
herein lies their value as tracers. A radioactive isotope behaves like 
a normal atom but, because of its radioactivity, can be traced by Geiger 
counters or other detecting devices as it goes from place to place. Be- 
fore the development of the nuclear reactor, the only radioactive iso- 
topes readily available were radium, radon, polonium, thallium, 
bismuth, and lead. Since these elements were not of first-order im- 
portance to biologists, there was only a mild interest in their use. 
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The nuclear reactor, however, provides radioactive isotopes of nearly 
every element. The therapist and the medical investigator now have 
almost unlimited quantities of radioactive carbon, phosphor us, iodine, 
sulfur, and many other elements of prime biological importance. As 
an isotope emits radiations its radioactivity diminishes or dee: ays. 
The term “half life” is given to the time required for one-half of an 
original amount of radioactivity to disappear. Half lives range from 
a few millionths of a second to billions of years. It is usually difficult 
or impossible to work with materials having these extreme values. 


Tracer studies 

Radioactive isotopes as produced by a high-voltage accelerator or 
nuclear reactor are elementary atoms, or are incorporated into rela- 
tively simple molecules. For many experiments these simple forms 
= quite satisfactory ; the isotopes can be used almost directly as pro- 

duced. Calcium tends to concentrate in bones; phosphorus seeks out 
rapidly growing cells; iron goes to red blood cells; iodine travels r ap- 
idly to the thyroid gland. Thus they have value in the study of 
abnormal metabolic conditions and in treatment of these areas. 

When a particular molecular species is to be traced, the radioactive 
isotope must be incorporated into the molecule. This is a job for 
the synthetic organic chemist, and one that frequently calls for the 
utmost skill and meticulous techniques. Sometimes the chemist is 
unable to synthesize the desired compound and recourse must be had 
to natural sources. Thus, tracer insulin can now be obtained only by 
raising animals on radioactive foods and extracting the radioactive 
products. Morphine and digitalis are other examples of desired com- 
pounds which chemistry cannot effectively produce. 

Tracer methods, because of their great sensitivity, have innumerable 
applications. Studies with elements like copper give clues to the 
body’s requirements of that metal. The fate of tagged drugs, vita- 
mins, hormones, and enzymes can be studied by tracer methods. 
Tagged fertilizers can be used to study a plant’s utilization of various 
elements. Radioactive isotopes have been used to study the travel 
habits of mosquitoes. Tagged sewage shows when, where, and to what 
extent it pollutes water supplies. 

Diagnosis 

X-rays have been used for years to reveal bone fractures, locate 
foreign bodies, outline tuberculous lesions in the lungs, and for many 
other diagnostic procedures. Since supervoltages are neither neces- 
sary nor desirable for most diagnostic procedures, isotopes will prob- 
ably not replace X-ray machines for general use. For special pur- 
poses, however, portable sources of thulium-170 or cerium-144 have 
proved useful. ‘These sources now lack the radiation output of a fixed 
diagnostic X-ray machine, but satisfactory X-ray pictures have been 
made with a thulium unit weighing only 7 pounds. The advantages 
of this technique in remote loc ations are obvious. 

Radioactive iodine-131, produced in nuclear reactors, is a most 
important tool in the determination of thyroid function and thyroid 

cancer, This isotope also reveals the presence and location of func- 
tioning metastases of thyroid cancer. Both iodine-131 and phos- 
phorus-82 have been used for diagnosing and localizing brain tumors. 
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Therapeutic uses 


Radiation is used in therapy because of its well-known ability to 
destroy living tissue. External sources of radiation from X-ray 
machines or radium “bombs” are essentially nonselective, destroying 
normal and diseased tissue alike. Radiation is not a universal biplace 
ment for surgical treatment of cancer but must be considered in most 
cases as an adjunct to other therapeutic procedures. 

One real advance in radiation therapy has come from the use of 
cobalt-60 to replace the expensive radium in teletherapy or distance 
therapy units. Radium, with a gaseous daughter product, radon, 
has always been a potential hazard to operators of therapy units. 
Any leak in the radium container will permit the escape of dangerous 
radon gas and its radioactive daughter products. When cobalt metal 
is irradiated in a nuclear reactor, cobalt-60 is formed. The gamma 
radiation from this metal has an energy comparable to that from 
radium, which it is rapidly replacing. Cobalt-60 has no gaseous prod- 
uct; the only protection needed is sufficient lead to absorb the beam in 
undesired directions. 

Radioactive isotopes have also been used in selective irradiation of 
particular areas. An outstanding example is the use of iodine-131 
for treating hyperactive thyroid or diffuse toxic goiter. In smaller 
doses iodine-131 has alleviated the symptoms of angina pectoris and 
congestive heart failure, presumably through a moderate reduction in 
thyroid activity. Phosphorus-32 has been used against polycythemia 
vera, a disease in which excessive numbers of red blood cells are 
formed. One cannot point to spectacular cures, but prolongation of 
life appears to have been demonstrated. 

At present no dramatic successes can be claimed for any therapeutic 
procedure using radioactive isotopes. These materials have been 
available for a relatively short time; it seems certain that research will 
develop new and improved methods for using them. 


Future needs 


The Atomic Energy Commission, in making available the reactor 
facilities at Oak Ridge for the production of radioactive isotopes, 
gave medicine and public health a most powerful research tool. The 
contribution of radioactive isotopes to medicine is obviously great 
and increasing. 

With a few notable exceptions, however, this contribution has been 
indirect, coming primarily from advances in basic knowledge in all 
phases of medicine and biology. Radioactive isotopes used as tracers 
have increased our knowledge of the circulatory system, have demon- 
strated metabolic processes hitherto unknown or only suspected, and 
have helped to determine the fate of drugs and other pharmacological 
agents after administration. 

Intensive studies by physicists have revealed many radioactive iso- 
topes unknown only a ce years ago. The studies on isotope produc- 
tion have been so comprehensive that the discovery of new, useful iso- 
topes is not to be anticipated. New isotopes, and indeed new chemical 
elements will be found, but unless nuclear theories are greatly in error 
these elements will be too unstable and will have half lives too short 
to be useful for tracer studies. We can, therefore, assume with some 
confidence that the present isotope array represents the maximum 
available. 
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With some exceptions isotopes now available are adequate for 
biological and medical uses. Nearly every element of biological inter- 
est has an isotope of half life suitable for experimental use. At pres- 
ent, the use of isotopes as tracers or as diagnostic tools is limited by 
ideas rather than availability of materials. Large numbers of scien- 
tists in all branches of the biological sciences are working with radio- 
active materials. Progress can be expected to be normal and healthy. 
Artificial stimulation is not required; conversely no additional re- 
straints appear to be needed. 

Two important steps can and should be taken to provide tracing 
materials not yet available. Some experiments cannot now be done 
because radioactive isotopes are lacking in sufficiently high specific 
activity (the amount of radioactivity in 1 gram of the substance), in 
some cases because of the inherent difficulty of producing such isotopes 
inanuclear reactor. A particle accelerator designed for, and assigned 
to, the production of materials with high specific activity would 
eliminate the present bottleneck. 

A closely related difficulty involves the use of short-lived isotopes. 
Some isotopes have such short half lives that no known method of 
shipment can get them from the production center to the laboratory 
in time to be useful. For example, some problems of brain metabo- 
lism cannot now be attacked because of the short half life of radio 
potassium. An isotope production facility, to be used for short half- 
life elements only, should be located at some well-equipped biological 
research center with adequate facilities for patients and for visiting 
scientists. Scientists soul then be brought to the isotopes, and some 
of the present gaps in tracer studies could be closed. 

Neutron activation for chemical analysis is not being used now 

because adequate facilities are lacking. In this method the sample 
to be analyzed is exposed to neutrons which make some of the stable 
atoms radioactive. By appropriate counting techniques, the radio- 
active atoms can be identified and the sample thus analyzed. Unfor- 
tunately, since counting must start as soon as the sample is removed 
from the radiation source, neutron activation analysis has been limited 
to a few installations, principally those of the Atomic Energy Com- 
mission. The special isotope facility described above would also serve 
for activation analysis and thus substantially advance biological 
research, 
_ When radioactive isotopes first became generally available, many 
important experiments could be done with relatively simple chemical 
compounds. As research progressed, it became pa to trace 
more and more complicated molecular structures. Some of these 
complex molecules can be synthesized by chemists at considerable 
expense; others can be obtained only from plants or animals receiving 
radioactive food. The main problem for the future may well be that 
of producing more and better synthetic compounds in which radio- 
isotopes can be introduced, rather than in the production of more 
isctopes. 

Rising prices for synthetic compounds are of serious concern to 
large research institutions and may prevent use of these compounds in 
small laboratories with inadequate financial resources. The solution 
to the problem of rising costs of elaborate chemical or biological 
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synthesis is not obvious, however. Economies can certainly be effected 
if needs can be pooled; perhaps some sort of clearinghouse could be 
devised to integrate programs requiring elaborate, expensive com- 
pounds. 

Almost any reasonable expenditure of money and effort directed 
toward facilitating the use of radioactive tracers can be justified. We 
have every reason to expect future widespread use of radioactive 
materials for medical diagnosis. A striking example is the use of 
iodine-131 for determining thyroid function. Other diagnostic pro- 
cedures will not be so simple, but will certainly be discovered if rising 
costs and limited availability do not seriously restrict research pro- 
grams. 

A less certain but no less desirable application involves the-use of 
radioactive isotopes in therapy. Isotope therapy has followed the 
course of many new therapeutic procedures. A wave of unwarranted 
enthusiasm was followed by a period of equally unwarranted rejec- 
tion. There is every reason to believe that a period of careful experi- 
mentation will establish radioactive isotope therapy at its proper level. 
The dream of the isotope therapist is to find chemical compounds 
which will concentrate at the site of the cancer, wherever it may be. 
Then, by the proper choice of compound it should be possible to 
destroy the cancer by selective irradiation, with a minimum of damage 
to healthy tissue. This goal has not been reached and, in fact, most 
results to date are discouraging. The stakes are so high that research 
in this direction can scarcely be abandoned or even curtailed. Again, 
isotope availability and reasonable costs would encourage a program 
of the greatest possible potential. 


Training for use of isotopes in research and medicine 


As more and more people in the biological sciences turn to radio- 
active isotopes as research tools, diagnostic aids, or therapeutic agents, 
the problems of numbers of trained personnel and of training itself 
become acute. Training in radioactive techniques will have to be 
incorporated in graduate schools for biologists, biochemists, biophysi- 
cists, and public health personnel, as well as in schools of dentistry 
and medicine, if we are to have adequate expansion in the use of 
radiation in research and medicine. 

It is doubtful that a separate course in isotope handling can or 
should be fitted into the crowded 4-year medical school curriculum. 
It appears more realistic to treat radioactive isotopes as an accepted 
part of normal laboratory procedures. Laboratory programs in med- 
ical schools and schools of basic science should be examined so that ob- 
solete procedures may be replaced with modern tracer methods wher- 
ever possible. Departments of physiology and pharmacology should be 
especially diligent in this modernization; other departments should 
follow suit. Training facilities at the graduate school level are inade- 
quate at present. In one case, a competent scientist with a good 
problem has been forced to wait more than a year for his turn to enter 
one of the few schools available. 

In the past, training has emphasized radiological safety rather 
than practice with isotopes and indoctrination in their potential uses. 
The hazards associated with radioactive materials must never be for- 
gotten but should be kept in proper perspective. In most cases elabo- 
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rate precautions are not needed for the doses required in tracer experi- 
ments. 

Many prominent workers feel that security policies seriously handi- 
cap progress in isotope research. Increased liaison between AEC and 
other research workers in biology and medicine—to bring about 
further declassification and release of information on biological sub- 
jects according to the needs of research programs—will vitally assist 
progress in developing isotope applications. 


ENVIRONMENTAL HAZARDS 


Expansion of industrial use of radiation 

Present interest in expansion of the use of nuclear reactors for 
power makes it easy to forget that the number of high-voltage acceler- 
ators is also increasing substantially. As new techniques are devel- 
oped, higher and higher voltages become available, and with the more 
penetrating radiations more industrial applications are possible. 
Some of these applications are extension of old techniques, an example 
being the increased use of supervoltage X-ray machines for casting 
inspection. Other uses are new, and many of their results are con- 
cealed by the secrecy of competitive industry. Enough is known, 
however, to permit some important generalizations. 

Chemical reactions usually take place through processes of ioniza- 
tion. High-energy radiations tend to form neutral radicals which 
are highly reactive and hence readily enter into chemical reactions. 
The resulting reactions may be quite different from those initiated by 
electrically charged ions, giving rise to quite different, and perhaps 
hitherto unknown products. 

Two examples come to mind. Plastic polyethylene is an inert sub- 
stance, often used as a substitute for glass containers. Polyethylene 
is not stable against high temperature, however, and is destroyed by 
sterilization in boiling water. When polyethylene gets a substantial 
dose of radiation, however, its molecules cross link, greatly increasing 
the heat resistance of the material. The material is still very flexible 
at room temperature and is resistant to boiling water. The extent of 
present production of irradiated polyethylene is not known but is 
certainly to be measured in hundreds of pounds of product daily. 
Production may be limited by irradiation facilities rather than by 
demand, for the application in architecture for the production of light 
but strong structures is a new and potentially expanding field. 

Another example is the production of radiation-resistant insulators. 
All naturally available insulating materials tend to break down with 
radiation and lose mechanical strength. When the proper starting 
materials are subjected to heavy doses of radiation, a molecular rear- 
rangement occurs; the resulting product is quite stable against 
radiation. 

These are probably among the earliest examples of a host of new 
and useful products produced only, or most efficiently, by radiation. 
Most of these irradiations will probably be carried out by high-voltage 
accelerators, although fission-product mixtures from power reactors 
might be used. 

The widespread use of radiation sources on a commercial scale will 
present a series of health problems. Accelerators are relatively large 
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machines and will be used in fixed locations so that permanent radia- 
tion shields can be incorporated in the building design. Accelerators 
have one big advantage over radioactive isotopes; the radiations cease 
when the machine is shut down. Since workers can be almost com- 
pletely protected, no serious difficulties should be encountered in main- 
taining the present prescribed limits of exposure. Because of the high 
radiation output of accelerators, the injuries resulting from violations 
of safety regulations are likely to be severe. 


Health standards and regulations 


The basic radiation protection standards now applicable are called 
the recommendations of the National Committee on Radiation Pro- 
tection. The national committee, sponsored by the National Bureau 
of Standards, has also prepared model State legislation and regula- 
tions which are an attempt to give States wishing to adopt regulations 
some terminology that has a uniform technical basis. Some of the 
States have already developed some regulations based upon these 
recommendations. 

A tentative form of the health and safety regulations of the Atomic 
Energy Commission for licensees has already been published in the 
Federal Register for comment. Through close technical liaison with 
the National Committee on Radiation Protection, the AEC has kept 
its requirements technically consistent with those of the NCRP. 
Although some changes in the recommended standards will undoubt- 
edly occur, particularly as evidence related to low-level prolonged 
exposure to radiation is collected and evaluated, it is felt that the 
immediate need is for uniformity of standards by the States, the 
Public Health Service, the Atomic Energy Commission, and industry, 
based upon the national committee’s recommendation. 

Another immediate need is to establish sampling criteria, analytical 
methods, and criteria for degree of contamination of wastes, water, 
and air. They can be evolved from the standards through calculations 
and the development and testing of methods of procedure. 

In any event, cases of real or imaginary radiation injury will con- 
front plant physicians and family doctors. An increased number of 
legal actions alleging radiation injury is to be anticipated. Legal 
problems on radiation injury of industrial workers will arise also in 
the interpretation of claims under workmen’s compensation for cancer, 
leukemia, cataract, or other conditions that may not develop for many 
years after exposure. Statutes of limitations in some State laws and 
provisions requiring notice of injury within 30, 60, or 90 days may have 
to be revised because of the delayed appearance of radiation injury. 

With more and more of our population exposed to even small doses 
of radiation it seems highly desirable to keep under constant review 
our accepted exposure tolerances. The present tolerance figure of 0.3 
roentgen per week is an individual standard and probably safe for 
the individual exposed. The genetically dangerous exposure level is 
not known with certainty for a human population. The end results 
of genetic injury by radiation are sufficiently serious to warrant con- 
siderable caution in even relatively small exposures of potential par- 
ents. It would, therefore, appear wise to reexamine the information on 
which our present permissible exposures are based to take account of 
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expected increases in the number of persons exposed and the latest 
experimental data. While attention is being directed toward environ- 
mental exposures to which individuals may be subjected during their 
lifetime, thought should be given also to the cumulative effects of 
X-rays and radioisotopes used in diagnosis and therapy. Perhaps it 
will be necessary to establish a radiological register, like an immuno- 
logical register, to record all exposures to radiation in dentistry and 
medicine and in the working environment. 


Problems of waste disposal 

Current estimates by the Division of Reactor Development, AEC, 
indicate that by 1965 power reactors for the generation of electricity 
will be producing waste fission products at the rate of 10 billion curies 
annually. Present operating costs for disposing of these wastes is in 
the order of $1 per gallon. The cost of treating conventional indus- 
trial wastes is in the order of 0.02 cent per gallon. If the nuclear 
energy industry is to become economically self-sufficient, more eco- 
nomical treatment methods of wastes must be devised. Induced radio- 
activity in the coolant (liquid or gas) and equipment could be a 
secondary, but major, health hazard. 

Current practice involves chemical treatment of the irradiated fuel 
elements for removal of plutonium and uranium at processing plants 
owned by AEC. The wastes from this processing (which include 
high-level radioactive fission products) are confined in isolated tank 
farms. Other methods of treating and disposing of the chemical proc- 
essing wastes currently being studied involve separation of specific 
isotopes for commercial purposes or storage, with final disposal of the 
balance of the wastes through one of various processes. Methods of 
final disposal under investigation, in addition to the current practice 
of tank storage, are packaging in ceramic materials, incorporating the 
wastes into concrete or confining them in a container with eventual 
disposal in the ocean, bulk disposal in the ocean, or placement in shal- 
low or deep wells for soil absorption. Some low-level wastes are dissi- 
pated in the atmosphere or consigned to waterways. 

Reduction of radioactive wastes 

Effort should be made to find means for utilizing, in immense quan- 

tities, relatively untreated radioactive wastes at many sites throughout 
the Nation, to the point where the commercial demand approaches or 
exceeds the potential output from nuclear reactors. Although present 
uses of radioactive products, and the total quantities involved, may be 
expected to increase by a factor of 10 to 100 or even 1,000 in the near 
future, there is a practical limit to the amount that science, medicine, 
and industry can absorb in this manner. The limit will probably be 
much less than the annual fission waste from a single power reactor, 
such as is now being constructed at Shippingport, Pa. 
_ Although we now know of few methods for employing reactor wastes 
in large quantities commercially, recent studies indicate the means by 
which tremendously increased utilization of fission products may be 
realized. Possibly the single most promising future radiation usage 
will be in the chemical and petroleum industries where, if radiation 
catalysis can replace reliance on heat-induced reactions, a major source 
of water and air pollution will also be reduced. 
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Resources and needs for health protection 


The solution of potential health problems resulting from increased 
reactor construction and use will require continued research on high- 
activity wastes, on induced radioactivity, on the assimilation of radio- 
activity by the environment, and on more extensive controlled uses of 
radioactive byproducts. Sanitary engineering criteria for the selec- 
tion of sites for nuclear energy installations need to be developed. 
Such criteria would consider the type of installation, the nature of 
wastes, and the probability of accidental discharge of radioactivity, 
as related to topography, geographic characteristics, geology, hydrol- 
ogy, meteorology, and distribution of population and mobility. Satis- 
factory methods must be developed to guide action when an accident in 
reactor operation results in radioactive contamination of the surround- 
ing area and atmosphere. Systems of warning public officials who 
have means and power to act must be devised. The fact that nuclear 
energy installations may be located close to population centers makes 
these problems all the more acute. 

From the standpoint of available health resources, such as specifi- 
cally trained personnel, suitably equipped laboratories, and radiation 
detection equipment, the nuclear energy industry poses new problems 
for health agencies. While under the Atomic Energy Act of 1954 
the AEC is required to take into account health and safety hazards 
and safeguards in issuing construction permits and licenses for nu- 
clear energy installations, this fact does not relieve State and local 
health agencies of their responsibility for protection of the health of 
their citizens. 

State and local health agencies have a sound and varied background 
of experience and knowledge in protecting the general public from 
industrial pollutants. They have been unable to keep fully abreast 
of technical developments in nuclear energy because of the rapid de- 
velopments in this field and security restrictions placed on much of 
the information. With the acquisition of specific technical compe- 
tence, and the full cooperation of the Federal Government, they should 
be capable of protecting the public from the potential health hazards 
of the atomic energy industry, and of assisting the industry in site 
selection and in setting reasonable operating standards. 

As yet, practical public health criteria and procedures to work with 
problems resulting from the nuclear energy industry have not been 
defined. There is a need to develop standardized, ca teomes sanitary 
engineering techniques (field and laboratory) for radiation assessment 
and evaluation in terms of public health significance. 

Training in safety aspects of radiation 

To increase use of radioactive material without adversely affecting 
the health of the Nation, it will be necessary to provide more special- 
ized training for people who are responsible for public health, The 
dearth of personnel trained in radiological safety and treatment stands 
at present as a primary barrier to the expanded use of nuclear energy. 
The burden of training health personnel has been borne essentially 
by Federal agencies, State governments, universities, and industry. 
To meet an expanding need will require an increased participation 
by all of these groups. The problem of training resolves itself into 
the responsibility for peotiiiag funds, facilities, instructors, and 
trainees. 
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Generally speaking, training will fall into three broad areas: (1) 
Protection of those exposed to radiation at their places of work, 
(2) protection of the public at large, and (3) medical treatment for 
persons exposed to excessive amounts of radiation. Training will 
have to range from short courses for routine monitors to extended 
and intensive courses for personnel with high levels of responsibility. 

The personnel needed for adequate protection of employees at their 
place of employment include physicians, nurses, health physicists, 
industrial hygienists, sanitary engineers, and technical aides. The 
physician will be concerned with the health and proper placement 
of the worker, the interpretation of the worker’s radiation exposure, 
and the treatment of overexposed individuals. The health physicist 
will be responsible for the safety of the physical plant, while he and 
the industrial hygienist will supervise the environment of the worker. 
The sanitary engineer would be expected to prevent spread of radio- 
activity from the plant through proper control of steam and air 
emissions and safe disposal of radioactive waste and byproducts. If 
the nonmilitary use of atomic energy is to be expanded in the im- 
mediate future, existing personnel will have to be trained as radiation 
specialists and diverted from other allied and important, but less 
hazardous, industries. Technicians will be needed to aid all the pro- 
fessional categories, but they must be trained for routine jobs with 
no responsibility for independent decisions. 

It is equally important to assure that State and local health agencies 
have personnel proficient in radiologic health techniques. Their 
physicians and nurses will need to know some of the principles of 
monitoring and decontamination but more particularly they must 
understand the biological effects of radiant energy on man, recognize 
the signs and symptoms of radiation illness or injury, and know about 
methods of treatment. Engineers will need to know how to monitor, 
decontaminate, and supervise installations and must be able to give 
advice regarding site selection, design, appropriate protective devices, 
and methods of disposing of contaminated material and industrial 
wastes. Not all such personnel in a health department will need to 
be equally informed, Set there should be at least one well-trained 
member in each State and large city health agency. 

Practicing physicians in the community represent another group 
in need of training, for they will be the ones responsible for diagnosis 
and therapy. They must be able to recognize promptly any pathology 
stemming from radiation—in distinction from pathology that should 
not be ascribed to that source—and must know how to provide treat- 
ment for people who have been harmed by exposure. 

Universities are now training some physicists and nuclear engineers 
who, with a minimum of special instruction, could assume respon- 
sibility for reactor safety, but the supply is not yet great enough to 
meet expanded industrial use of atomic energy. Likewise, all too 
few physicians, industrial hygienists, and sanitary engineers are 
receiving postgraduate training in radiation. In fact, our univer- 
sities are not training enough industrial hygienists or sanitary engin- 
eers to meet the present demand. 

Although the Atomic Energy Commission has fellowship programs 
for training in radiological physics, radiation protection, and indus- 
trial hygiene, the Federal Government’s responsibilities for radia- 
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tion training are primarily for its own employees. Much of the train- 
ing arranged for and conducted by the Atomic Energy Commission 
and the Destabiend: of Defense has been given in short courses 
designed to acquaint personnel with the military application of 
nuclear weapons. Public health personnel have received training in 
measures necessary for civilian defense against these weapons. The 
basic principles of such training, however, are applicable to the peace- 
time uses of atomic energy. Traditionally the Federal Government 
has depended upon higher institutions of learning to provide special- 
ized and extensive training for professional and scientific personnel. 
This policy should be maintained. Universities, however, before 
undertaking radiation training, will need to know the rate of projected 
growth of the radiation industry and the potential demand for courses. 

The Federal Government for many years has assisted in training 
State and local health workers in new public health procedures 
through short training courses. Since 1950 large numbers of sanitary 
engineers, sanitarians, and industrial hygienists from State and local 
health departments have received rudimentary training in the public 
health aspects of radiation. The Federal Government will have to 
remain alert to the needs for training State and local personnel and 
at times provide for such training on an emergency basis. This policy 
should continue until universities and schools of public health can 
assume this responsibility. The Federal Government should also con- 
tinue to nation high-level training for certain scientific personnel, 
including physicians, engineers, and health physicists. 

The pace and volume of radiation training will, of course, have to 
be governed by the rate of utilization of nuclear energy. Several pre- 
cautionary steps, however, could be taken immediately. Health agen- 
cies in communities that already have nuclear installations should 
maintain an adequate supervisory staff to handle present needs. These 
agencies should continue to be informed by the Atomic Energy Com- 
mission when any nuclear energy material or reactors are to be sent 
into or built within their area so that they can anticipate needs and 
train their personnel as indicated. At the same time local health agen- 
cies should inform the medical profession in the areas where radiation 
energy is utilized and should assist in making available through con- 
ventional media the latest information on the diagnosis and treatment 
of radiation illness and injury. 

As is now the case, commercial, professional, and scientific users of 
high energy radiation should not be able to obtain radioactive material 
unless they can demonstrate adequate proficiency in the handling and 
disposal of such material. Maintaining this regulatory mechanism 
will assure the continued training of people as the demand for nuclear 
energy mounts. 


CONCLUSION 


No one institution or agency can be responsible for speeding all the 
developments needed for expansion of atomic energy, in series, await- 
ing perfection of any one process before going on to the next. Prompt 
publication or other communication of research results among institu- 
tions, agencies, and countries will make it possible to coordinate paral- 
lel developments into a series that will contribute toward progressive 
improvement in all phases of use of atomic energy in agriculture, in- 
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dustry, medicine, and public health. The Geneva Conference shows 
the value of pooling technical information in all these fields of research 
and development. Continuing mechanisms for exchange of knowledge 
will greatly speed world progress in utilizing atomic energy for peace- 
ful purposes. 

If the general public is willing to invest the funds needed to expand 
facilities for and research in the application of atomic energy to medi- 
cine and public health, the returns will surely equal if not exceed those 
that have already accrued from research and demonstrations in envi- 
ronmental sanitation, control of communicable disease, immunology, 
antibiotics, chemotherapy, psychotherapy. Already radioisotopes 
have shown their value in prolonging life and reducing pain in many 
malignant conditions. As experience accumulates and as it becomes 
possible to study the diagnostic and therapeutic effects of some of the 
very short-lived isotopes of oxygen, nitrogen, and other common com- 
ponents of living tissue, one can expect even more significant contribu- 
tions to our knowledge of normal and abnormal processes of the 
metabolism and functions of various organs of the human body. Im- 
proved nutrition, improved health, and greater prosperity will inevi- 
tably ensue. 
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BACKGROUND MATERIAL FOR CHAPTER 5 
SEMINAR ON AGRICULTURE 


Ocroper 21, 1955 


A seminar was held in the panel conference room in Washington, 
D. C., to discuss the impact of atomic energy on agriculture, October 
21, 1955. The following were members of the discussion group: 

Discussion leader: True D. Morse, Under Secretary, Depart- 
ment of Agriculture. 

Maj. Gen. C. L. Adcock, U. S. A. (ret.), director of technical 
development, Continental Can Co. New York, N. Y. 

Prof. John D. Black, department of economics, Harvard Uni- 
versity. 

Dr. W. E. Krauss, Ohio Experimental Station, Wooster, Ohio. 

Jac J. Lehrman, vice president, Giant Food Stores, Washing- 
“ye D.C. 

V. Plummer, president, Pacific Fruit Express, San Fran- 

cise an alif. 

John Powderley, industrial engineer, Amalgamated Meatcut- 
ters and Butcherworkers, Chicago, Il]. 

Judson S. Sayre, president, Norge division, Borg-Warner 
Corp., Chicago, II]. 

Belford L. Seabrook, vice president, Seabrook Farms Co., 
Bridgeton, N. J. 

George H. Swift, assistant vice president, Swift & Co., Chi- 
cago, Til. 

a rof. Harold B. Tukey, department of horticulture, Michigan 

tate University, East Lansing, Mich. 

he toy H. Walters, vice president, research, General Foods 
Corp., White Plains, N. Y. 

Dr. Paul C. Wilbur, vice president, Food Machinery & Chemi- 
cal Corp., San Jose, Calif. 

Technical consultants : 

Dr. Paul B. Pearson, Division of Biology and Medicine, United 
States Atomic Energy Commission. 

Dr. Ralph G. H. Siu, food sterilization project director, Quar- 
termaster Corps, Department of Army. 

Dr. George W. Irving, Jr., Deputy Administrator, Agricul- 
tural Research Service, Department of Agriculture. 

Technical popes s considered by this seminar as the basis of discus- 

ion included: (1) Agricultural Applications of Atomic Energy, by 
the Biology Branch, Division of Biology and Medicine, Atomic 
- ergy Commission; (2) The Contribution of Radiation Genetics to 

\griculture, by Dr. W. Ralph Singleton, of Brookhaven National 
Labor: atory; (3) Technological and Economic Study of the Con- 
tributions ‘of Toes Energy to Agriculture, by the Department of 
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Agriculture; (4) The Effects of Atomic Energy Developments on the 
Agricultural Segment of Our Economy, by Dr. George W. Irving, Jr., 
of the Agricultural Research Service of the Department of Agri- 
culture. i 

A summary of the views expressed in the seminar follows: 

Atomic energy is providing a new tool in agricultural research. 
This research has two important aspects: (1) Improvement of plants 
and their culture, and (2) investigations into the way many impor- 
tant life processes work so that they may be managed more effectively. 

Farm progress within 20 to 30 years will be based on extension of 
technological developments, only some of which will come from atomic 
energy; many other developments will stem from other research 
techniques. 

“Radiation genetics” is speeding progress in the development of 
better crop plants. The irradiation of plants makes an accelerated 
program possible in plant breeding, by increasing the rate of muta- 
tions. Such an acceleration permits short-term successful breeding 
programs where the natural rate of mutation is low, and helps even 
in the familiar case of corn where the natural mutation rate is high 
and hybrid varieties of improved quality have already been developed. 

The control of such qualities as yield, resistance to disease, drought 
or other adverse weather conditions, and suitability to various types of 
soil or lengths of growing season is of obvious importance. The sig- 
nificance to the industrial processor, packer or freezer, of less obvious 
qualities such as uniformity of size, color, and flavor, uniformity of set 
and time of maturity, and the position or place of the crop on the 
plant or vine, is also high. All these desired qualities may be de- 
veloped more rapidly and conveniently through the use of radiation. 

A major production expense is harvesting; the development of 
varieties easily harvested by machinery is of great economic im- 
portance. 

Damage and losses from insects and pests can be reduced in many 
ways to which the use of atomic energy may contribute. Resistant 
types or strains of crop plants can be developed through genetics. 
Through the use of radiation, new strains of fungus can be developed 
rapidly, and investigated so as to minimize future field losses to the 
new virulent strains which periodically appear naturally. 

Through the use of radioactive isotopes, efficient application tech- 
niques for plant foods and pest-control materials can be studied in 

yays never before possible. The life habits and specific activities of 
insects and diseases may be determined, with consequent improve- 
ment in control and benefit to production. 

With respect to livestock, life cycles are longer and the number 
of specimens which can be worked with at any one time is smaller, 
so that rapid development of new livestock breeds is less likely. 
Through radioactive tracers, however, a great deal can be learned 
about animal food cycles. Therefore, higher yields and lower costs 
for meat and dairy products may be achievable. The possibility also 
exists that diseases and pests which prey on livestock may be controlled 
through some of the same techniques applicable to plant problems. 

Looking further ahead into the future, there is the possibility of 
synthetic fodder production growing out of research work directed 
toward unravelling the mystery of the process of photosynthesis. 
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Once a clear understanding is achieved of how a plant takes water, 
carbon dioxide and sunshine from the air and from them makes 
starches and sugars, one of the barriers to production of animal 
fodder in factories will be passed. As a result of work thus far in 
the field of photosynthesis using radioactive isotopes, the Japanese 
have already learned how to control production of algae for use as 
cattle fodder. 

However, the production of synthetic fodder, and eventually foods, 
cannot presently be imagined to replace agriculture as we know it— 
at least so far as fruits and vegetables are involved. It seems doubtful 
that the complex flavors, aromas, textures, and colors that are offered 
by fruits and vegetables can be synthesized easily. Indeed, any 
such synthesis is predicated upon knowing the complete contents of 
fruits and vegetables, and there may well be many quantities still un- 
known. Vitamins were not known a few yearsago. Antibiotic prop- 
erties are a recent discovery. Still more recently, certain materials, 
as mushrooms and watermelons, have been found to contain substances 
which are inhibitive to tumors . Other unknown beneficial characters 
may be possessed by fruits and vegetables; their synthesis is certainly 
remote, 1f not impossible. It seems likely that it will be a very long 
time before synthesis can replace culture. 

Progress in agricultural research is by no means confined to the con- 
tributions of atomic energy, although the effect of these contributions 
is highly stimulative, especially because of the many new approaches 
which atomic energy makes possible. There is, however, a considerable 
lag between the discovery of a new fact in agricultural science and its 
general adoption, despite the intense efforts of the Department of 
Agriculture and the State extension service in disseminating informa- 
tion. Nonetheless, the present trend toward specialization in farm- 
ing is expected to continue and even to accelerate. The farmer is 
steadily required to have more skill and to resort to more mechani- 
zation. 

_ The rate of absorption of the new developments, from all sources, 
Is an Important factor, however, in future farm productivity. 

In order to help reduce the lag in disseminating and applying results 
of research, there was recently set up a national communication project 
supported by the Kellogg Foundation and located at East Lansing, 
Mich., to study the techniques of communication of advanced modern 
farm techniques. Over a period of time it is hoped that the project 
will improve the facility with which agricultural research findings 
get into the hands of the producers in a position to use them. 

The present status of agricultural research using atomic energy is 
that only a few products have advanced through the experimental 
stage and are available for introduction on our farms. Among these 
are a rust-resistant type of oats, a type of peanut resistant to leaf wilt, 
and another type of peanut in which yields are increased 30 percent 
over normal. Work with other crops is still in the research labora- 
tory stage or is going through a period of testing and development 
at the experimental testing stage. It will be another 10 years before 
much of this is in practical use on American farms. 

Basic research in agriculture is financed principally by the State 
and Federal Governments at research centers and experimental farms 
located both in Government laborateries and at State universities. 
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In a general way, the Department of Agriculture is responsible for 
actual agricultural research activities, while the AEC is concerned 
with basic scientific problems including radiation genetics, and train- 
ing necessary to the field of atomic energy. The early stages in the 
development of new plant varieties are generally carried out by the 
experiment station with the latter stages of development being carried 
out by seedsmen, commercial plant breeders, the fertilizer, insecticide 
and food-processing industry, with their own funds. However, the 
development of new varieties of seeds and plants is also done in appre- 
ciable measure by the seedsmen and commercial breeders themselves, 
and all the research and development activities could benefit markedly 
from better coordination. 

On the question of farm-surplus problem the seminar participants 
had widely divergent views. It was not felt by the seminar that sur- 
pluses were temporary in nature and, as expressed in some quarters, 
would be solved in the next generation through the rapid increase in 
total population together with the continued decline in farm popula- 
tion. Instead it was thought likely that technical progress would ex- 
ceed the expected population increase, and that in a free agricultural 
economy surpluses would continue to outstrip population for a long 
period to come. It was estimated that agricultural production could 
be increased substantially on our present farms if all known new tech- 
niques were to be applied to all the farmland in the United States. It 
was pointed out that acreage limitations, coupled with price supports, 
are probably the greatest stimulus to higher unit production yet de- 
vised. It was further pointed out that some agricultural products 
which do not enjoy price support have enjoyed huge increases both 
in production and consumption since World War II. For example, 
egg production was reported to be up 50 percent and consumption 25 
percent. A similar picture prevails in citrus with the price of both 
products being well below parity. 

Shipment of United States food surpluses to foreign countries is 
not the solution to the surplus problem. Even in so-called under- 
nourished areas of the world, such shipments disrupt local markets 
and provide only the sort of assistance acceptable to foreign countries 
in time of famine or disaster. 


Communication From Atomic Energy Commission, SEPTEMBER 26, 
1955 


I am pleased to forward the attached report on the Agricultural 
Applications of Atomic Energy. This report has been prepared by 
the Division of Biology and Medicine for use by the * * * panel. 


AGRICULTURAL APPLICATIONS OF ATOMIC ENERGY 


Prepared by Division of Biology and Medicine, Atomic Energy Commission 


In the decade that i the developmer, of peacetime applications 


of atomic energy in the United States, it has become apparent that 
various forms of nuclear energy can be employed to great advantage 
in agriculture. Remarkable advances in the understanding of the 
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physiological processes involving plants, animals, and soils have been 
made possible by the use of radioactive isotopes. The production in 
quantity of these remarkable relatives of naturally occurring elements 
has been an event of the utmost significance in man’s conquest of his 
environment. Few events of comparable importance have occurred 
in the history of scientific progress. 

The employment of radioactive isotopes for the study of such funda- 
mental matters as cell physiology, plant growth, and photosynthesis 
already has resulted in substantial agricultural advances. We are at 
the dawn of a second great application of nuclear energy to agricul- 
ture, that of radiation genetics. The discovery that several forms of 
nuclear radiation could accelerate fundamental aspects of the evolu- 
tionary process has placed in the hands of the plant geneticist a tre- 
mendously powerful tool by which he is able to compress into a few 
vears what would otherwise require the labor of many men for a cen- 
tury. The techniques are as yet so new that neither their limitations 
nor their ultimate potentialities are clearly established. There can 
be little doubt but that in this field hes one of the most important roads 
to meeting the agricultural crisis which will inevitably result from 
future population pressures. Important as the production of electrical 
power for agricultural uses may be, the values associated with the 
atomic-energy program in the two phases mentioned probably will 
remain outstanding. 

The principles for the induction of beneficial mutations have been 
worked out in a number of agricultural species. A number of im- 
proved varieties of plants have been produced by radiation especially 
by Swedish and American plant breeders. Among the genetic 
changes induced by radiation that are most useful in plant improve- 
ment are: 

1. Barley: Dense heads, stiff straw, tall straw, higher yield of 
grain and straw. 

2. Oats: Earliness, higher yield, stem-rust resistance, short 
stems. 

3. Wheat: Stem-rust resistance, higher yield. 

4. Corn: Shorter and taller stalks, earlier and later ripening, 
resistance to lodging. 

5, Peanuts: Leaf-spot resistance, higher yield. 

Work is now in progress at the Brookhaven National Laboratory 
on producing mutations in vegetatively propagated species of plants, 
so that when a desirable somatic mutation is found it may be propa- 
gated by vegetative cuttings and graftings. Among the species being 
tested by exposure to a cobalt-60 source are: Apples, spite, grapes, 
blueberries, carnations. 

_ The economic value of new varieties of plants produced from radia- 
ion-induced gene mutations is not easy to assess in advance. A va- 
riety of oats having desirable commercial characteristics and also 
resistant to stem rust, for example, could, however, increase the yield 
of the harvested crop several fold in a single season.’ 

Radioisotopes provide for the soil scientist for the first time a means 
of measuring what proportion of the nutrients the plant derives from 


‘For a more detailed statement of the impact of atomic energy on plant and animal 
reeding, See article by W. Ralph Singleton, The Contribution of Radiation Genetics to 
Agriculture, in the Agronomy Journal, vol. 47, No. 3, p. 113 ff., March 1955. 





166 PEACEFUL USES OF ATOMIC ENERGY 


the soil and what proportion is taken up from the fertilizer. It pro- 
vides a method of determining the most effective means and the time 
to apply fertilizers to various crops. For example, it is estimated 
that if the tobacco farmers of the State of North Carolina would use 
the information gained by the researchers using radioisotopes that 
there would be an annual savings of over 100,000 pounds of phosphate. 
This figure could, of course, be multiplied many times with other 
crops and in other States and countries. This is very important since 
there is not sufficient phosphate fertilizer to meet the present agricul- 
tural needs. 

It is commonly believed that roots are the principal organs through 
which plants absorb nutrients which are then transported to other 
rortions of the plant, as stems, leaves, flowers, and fruit. Recently, 

y using radioisotopes, it has been found that the foilage and leaves 
of plants are important pathways for the entry of nutrients into 
plants. The surface area of the aboveground portions of trees and 
many plants may be several times greater than that for the roots. It 
is estimated that the leaf surface of a 12-year-old apple tree may be 
equal to about the area of one-tenth acre. By isotopic techniques, the 
highly mobile: elements nitrogen, phosphorus, potassium, and ru- 
bidium applied to leaves have been shown to be readily absorbed and 
freely transported in both an up and down direction in the plant. On 
the other hand, calcium, strontium, and barium are very poorly ab- 
sorbed and move very slowly in the plant, indicating that foliar appli- 
cation of these nutrients is not effective. This information may lead 
to changes in the patterns of fertilizers and different types of ma- 
chinery than are now commonly used. 

The mechanism whereby plants use certain trace elements such as 
zinc, boron, copper, and iron is being explained by scientists working 
with radioisotopes. For example, in some areas crops suffer from a 
lack of iron even though by actual content the amount of iron is not 
especially low. Recently it has been found that plants may not be able 
to take up the iron from soils that are high in calcium. 

The process of photosynthesis or the mechanism whereby a plant in 
the presence of sunlight utilizes carbon dioxide and water and ends 
with sugars, starches, and fats, and then with nitrogen forms the essen- 
tial building blocks of some 13 amino acids as proteins is probably the 
most important biological process on earth. Without photosynthesis 
there would be no forms of life on the earth as we know them today. 
There is an abundant supply of solar energy of which man utilizes only 
a small percentage. Radio carbon 14 has provided a very powerful 
tool in studying the mechanism whereby plants utilize carbon dioxide 
and water with sunlight to produce our foodstuffs. 

Scientists have gone a long way toward unraveling this mystery of 
nature. It is quite within the realm of possibility that the time will 
come when man does not have to depend on plants to produce edible 
energy in the form of starches, sugars, fats, and proteins, and we may 
see this done chemically on a commercial scale. Should this occur it 
would alter present patterns of food production and distribution. 
Such foods would probably not be perishable and could be shipped 
long distances without refrigeration. In countries of dense popula- 
tion and inadequate food production this might increase the caloric 
intake of food to a level equal to the intake in the United States. 
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The possibility of the preservation of foods by high levels of radia- 
tion are very encouraging. Developments in this field may lead to new 
patterns of food processing, decrease in spoilage, more economical and 
wider distribution of foods. The period over which potatoes can be 
stored can be doubled by radiation. While this has been demonstrated 
on a pilot scale further work is necessary in developing the mechanics 
for large-scale commercial use. 

Radioisotopes provide a new tool for studying agricultural problems 
in the fields of animal nutrition, physiology of milk secretion, milk 
production, growth processes, egg production, and the growth and 
production of wool. New information obtained by the use of radioiso- 
topes may lead to the more efficient utilization of feeds, the more eco- 
nomical production of meat, milk, eggs, and wool. 

In the livestock field there are a number of examples of research with 
radioactive isotopes that may lead to increased efficiency of food pro- 
duction, for example, the eradication of screwworm flies by radiation, 
and the development of strains of cattle with high heat tolerance. At 
present the screwworm is estimated to cause a loss of about $20 million 
annually to the livestock industry of the United States. An ingenious 
method of control has developed by irradiating the male flies at levels 
adequate to cause sterility and then releasing these to mate with normal 
females. The female mates only once, consequently those that mate 
with an irradiated sterile male produce no young, resulting in a grad- 
ual decrease in the number of screwworm flies. 

At the University of Missouri radioactive iodine is being used as a 
tool to develop strains of cattle that are high milk producers and have 
a high tolerance to heat. European breeds of livestock which are 
most common in the United States have a low heat tolerance com- 
pared to Indian breeds. Likewise the thyroid-gland activity of the 
Indian and European breeds differ. Iodine 131 can be used as a 
quick measure for the desired characteristics of the Indian breeds that 
can be introduced into European breeds by crossbreeding and selection. 

When relatively inexpensive power from nuclear reactors becomes 
generally available, it will undoubtedly make a substantial impact on 
society and agricultural patterns. It should cheapen production and 
distribution costs of food. In countries where there is now no mech- 
anization of farming the availability of cheap power would certainly 
lead to mechanization of farming operations and increased production 
ona per man basis. This in turn would make available more labor for 
industry. Changes of this magnitude in farming operations would 
certainly have an impact on the economy of the United States. The 
increased production of food and industrialization could be expected 
to increase standards of living and possibly lead to a relaxation of 
world tensions. 

Some of the factors limiting progress of applications of atomic 
energy to agriculture are funds for basic research in growth processes, 
resistance to disease, biochemical and enzyme systems, the role of 
nutrients in plant and animal nutrition. Research in these basic fields 
and an understanding of natural biological phenomena are necessary 
to most effectively apply the tools of atomic energy to agriculture. 

The program could be accelerated by funds to increase scientific 
personnel and laboratory facilities. 
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TECHNOLOGICAL AND Economic Strupy or THE CONTRIBUTION oF 
Atomic Enrercy To AGRICULTURE IN THE UNITED States 


Prepared by the United States Department of Agriculture, in response to a 
request from the Panel. 


A brief summary of present knowledge of and accomplish- 
ments in the application of atomic energy in such fields 
of agriculture as plant and animal breeding, nutrition, and 
pathology; estimated economic effects of such accomplish- 
ments; and indications of limiting factors that stand in the 
way of additional progress. 


SIGNIFICANT ACCOMPLISHMENTS 


Atomic energy can contribute to agriculture in three ways: 
Through the use of its byproducts, radiation and radioisotopes, in 
agricultural research ; through the direct use of radiation in process- 
ing agricultural products; and through the development of nuclear 
power sources. 


RADIATION AND RADIOISOTOPES IN AGRICULTURAL RESEARCH 


Radiation 


Atomic energy radiation sources are of great interest to plant 
breeders, because they have made possible large-scale extension of 
earlier work utilizing X-rays to induce mutations in plants. Muta- 
tions resulting from irradiation differ in no way from those occurring 
spontaneously in the usual breeding programs, but the use of radia- 
tion greatly increases the frequency of appearance of mutants. Al- 
though most of the changes that occur are undesirable, the probability 
of obtaining a useful or desired change in the characteristics of the 
plant in a relatively short time is greatly enhanced. Research using 
irradiation has produced a strain of rust-resistant oats and a sturdy 
short-stalked corn with high yielding ability and increased resistance 
to lodging (blowing over by the wind) and well adapted to mechanical 
harvesting. An exceptionally productive strain of peanuts, and a 
peanut variety resistant to the common leaf spot disease have also 
resulted from such irradiation. Among additional desirable charac- 
teristics that may be induced by radiation are shortened time for 
maturity and altered nutritional requirements such as the ability to 
maintain yields with lower nitrogen supply. 

Another advantage of radiation as a tool is that it reduces the 
time required for the development of improved varieties. For ex- 
ample, after about 114 years of research on the rust-resistant oats, a 
small amount of seed was available for increase. Some 9 to 10 years 
would have been required by the conventional plant-breeding methods. 

In breeding for plant-disease control, a continuing problem is the 
spontaneous mutation of the pathogens or disease organisms. The 
plant breeder develops, for example, a wheat strain having a high 
resistance te black stem rust. This strain suddenly becomes suscepti- 
ble to a new rust strain. Recent work has shown that radiation will 
produce new races of such disease organisms having increased viru- 
lence. By developing these new races under controlled conditions, 
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the plant breeder may be able to anticipate the resistance requirements 
of his crop, and thus breed adequate resistance prior to the appearance 
of new races of the pathogen in the field. 

The availability of atomic sources of radiation has made possible 
the development of broad programs with two general aims: to gain 
a better understanding of radiation genetics and hence of genetics 
in its broader aspects, and to provide mutated materials for use in 
pathology, plant breeding, horticulture, and entomology. 

Radiation has not made comparable contributions to livestock 
genetics, at least in part, because of an inherent limitation. In plant 
genetics work, one may readily obtain 100,000 individuals as a popu- 
lation in which radiation will produce, say, 300 mutants, of which 
perhaps 2 will have a useful or desirable characteristic. Obviously, 
irradiation of adequate large-animal populations is impractical. An 
alternative procedure is the irradiation of spermatozoa and subsequent 
artificial insemination. The unfavorable ratio of deleterious to useful 
mutations would still be operative. Therefore, it is probable that 
livestock breeders can utilize irradiation in their work only to a 
limited extent. 

Penetrating radiation has also been used in a successful attack on 
the screwworm fly, an important animal pest. Workers in the United 
States Department of Agriculture, after a careful study of the life 
cycle of the insect, succeeded in developing a method for raising large 
numbers of male flies and rendering them sterile by means of radiation 
from cobalt-60. Since the female screwworm fly mates only once in 
her lifetime, it was possible to produce, in an initial test, significant re- 
duction of the screwworm fly population in a restricted area. In a 
subsequent experiment, carried out in cooperation with Dutch author- 
ities on the island of Curacao, the screwworm fly was eliminated from 
that area. Extension of this or similar methods of insect control might 
result in significant savings to the cattle industry through the reduc- 
tion of killed or crippled animals and damaged hides. Possible appli- 
cation of these methods may also be of considerable significance as 
“prophylactic” measures for isolated infestations of insects affecting 
plants and animals. 


Radioactive isotopes 


The most important contribution of atomic energy to agriculture 
to date has been the utilization of the artifically produced radioactive 
isotopes as a new tool in research—both fundamental and applied. 
This new tool is unique in that it enables the scientist to introduce an 
identifiable element or compound into a complex system such as the 
soil, a plant, or an animal and follow it to determine its fate in the 
dynamic, ever-changing system. Its great value comes from two 
properties of radioactive isotopes: (1) ‘They may be assumed (except 
for the very lightest elements) to behave in all respects as the inactive 
forms do, and (2) they may be quantitatively determined in minute 
amounts. These properties permit the effective use of radioisotopes in 
practically all types of agricultural research. 

Current studies range from investigations of the mechanism by 
which plant roots absorb nutrient elements from the soil to the deter- 
mination of the size of insect populations; from the study of the con- 
tribution of specific components of feed to the yield of milk to the 
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saving of time in routine analytical procedures. These new tech- 
niques, however, require carefully trained personnel and a consider- 
able investment in laboratory facilities and instruments. Some spe- 
cific examples will be summarized, but the overall economic signifi- 
cance of this contribution of atomic energy can hardly be evaluated. 

One of the most important fundamental investigations is the study 
of photosynthesis, the process by which plants utilize the sun’s energy 
in the formation, from air and water, of compounds essential to life, 
The use of radioactive isotopes of carbon makes it possible to study 
the complex pathways of biosynthesis. For example, plants are 
grown in an atmosphere containing radioactive carbon and then 
killed, and the metabolic products are identified. By using simple 
plants, such as algae, or isolated tissue and very short growth pe- 
riods, it has been possible to show that among the first products formed 
are such compounds as 5- and 7-carbon sugars. The complexity of the 
system is apparent in the fact that in a few seconds a plant ‘will fix 
‘-arbon dioxide in the form of 10 or more compounds in quantities that 
‘an be isolated and identified. Radiocarbon makes it possible to dis- 
tinguish between those compounds that were present before exposure 
to the radioactive atmosphere and those formed during the experi- 
ment. Information can thus be obtained as to the reactions hi te 
The efficiency of conversion in these complex systems is low, partly be- 
‘ause the plant itself somehow limits the process. Investigations are 
underway to try to identify the compound or compounds that limit the 
photochemical reaction. The ultimate goal of the research is under- 
standing of the photosynthetic processes, which in turn should lead 
to increased efficiency in production. 

Another field of great importance concerns enzymes and the part 
they play in the life processes of animals and plants. In this field, 
radioisotopes are an important tool in studying the basic mechanisms 
and the factors influencing the rates of biochemical reaction and the 
dynamic equilibria, which are characteristic of living cells. Such 
knowledge is essential if we are to have real understanding of the syn- 
thesis of biologically important compounds and their metabolism in 
plants and animals, including man. 

Radioisotopes are playing an important role in fundamental re- 
search in animal metabolism which, in years to come, will undoubtedly 
contribute to increased production through better, more economical 
feeds and management practices. Until radioactive forms of ele- 
ments—phosphorus, calcium, and sulfur, fer example—became avail- 
able, it was possible only to speculate on the processes involved in the 
metabolism of such elements from the feed consumed to the animal 
product. 

Studies on milk formation provide a good example of the effective- 
ness of the new tracer-technique procedure. Carbon-14 is used to 
label diet components. Subsequent examination of the milk, tissue, 
and body fluids for radioactivity shows whether the labeled compo- 
nents contribute directly to milk production and often indicates the 
metabolic pathways involved. Comparison of results obtained with 
the whole animal and with the isolated udder makes it possible to 
differentiate those diet components that may be directly utilized by 
the udder in the formation of milk constituents from those that require 
modification by microbial action in the rumen or other metabolic ac- 
tion in the body before becoming milk components. 
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The use of inorganic sulfate tagged with radiosulfur has shown that 
nonruminants are capable of synthesizing at least a part of the re- 
quired essential amino acid cystine from this source. This indicates 
the possibility of reducing feed costs by substituting an inexpensive 
inorganic material for a part, at least, of the more costly organic 
source. 

Before radioactive tracers became available, the value of a nutrient 
source, for animals, was established by comparing the amount of a 
selected dietary component in the feed and in the excreta, a procedure 
which was often misleading. For example, on the basis of this pro- 
cedure, alfalfa was considered to be a poor source of ae for 
lambs, only about 20 percent of the element apparently being absorbed. 
Using alfalfa tagged with radiophosphorus, research has shown that 
actually about 90 percent of the alfalfa phosphorus is utilized by the 
lamb. The low figure from the earlier method was due to the rapid 
turnover of the phosphorus in the growing lamb. Thus, a high per- 
centage of the 7 ten. tonne in the excreta is body phosphorus, that is, 
it has been absorbed earlier, used in metabolic reactions, and returned 
to the gut. 

Radioactive tracers are also valuable in entomological research. 
Insect pests are responsible for large annual losses in both crops 
and livestock. Successful attack by chemical means requires know]- 
edge of the habits and life cycle of the insect, as well as information 
on its physiology and metabolism. Insects may be tagged with 
cobalt-60, for example, and their flight range, migration, and over- 
wintering habits determined. More accurate estimates of the popula- 
tion of an insect species can also be made by this method. 


Tagging the insecticide permits evaluation of the efficiency of the 


method of application, study of its mode of uptake, and metabolism 
by the insect. Such information makes a definite contribution to the 
development of more effective agents and methods of use. How 
insects develop resistance to specific insecticides such as DDT is being 
investigated by tagging the compound with radiocarbon. The radio- 
isotope makes it possible to compare the uptake and metabolism of 
DDT by strains of susceptible and resistant flies. 

Systemic insecticides and pesticides (compounds that are absorbed 
by the plant or animal and destroy the insect feeding thereon) prom- 
ise significant gains in the continuing war on plant and animal pests, 
but basic information on the uptake, translocation, and metabolism of 
these compounds by the host plant or animal is essential. Radioac- 
tive tracer techniques are indispensable in obtaining this information. 

Crop production may be significantly increased in the future by 
growth-regulating compounds, because of their ability to advance or 
retard crop maturity or through chemical weed control. Here again 
it is of manifest importance to have fundamental knowledge of the 
absorption and translocation mechanisms involved in the crop plant. 
lagging the compounds of interest with radiocarbon or radioiodine 
makes it possible to follow their absorption and translocation and to 
measure the total uptake, even though the amounts involved are as 
small as one-millionth of a gram. 

It is also essential to know that the compounds used on edible crops 
are not changed after application into products detrimental to animals 
orman. Tagging the compound makes it possible to identify any such 
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metabolic products. For example, by tagging 2,4-D, it has been shown 
that bean plants readily absorb the herbicide and that the compound 
is distributed throughout the plant, together with at least two 
additional products derived from it. 

Maintenance of soil fertility and crop yields is of prime importance, 
ar d soil scientists and agronomists have found in the use of radioactive 
tracers a tool that opens new avenues of attack on problems of soil- 
fertilizer-plant relationships. The tool is used in basic research to de- 
termine the factors affecting nutrient absorption and translocation by 
plants or the mechanism of fixation and release by the soil of important 
nutrients such as phosphorus or calcium. 

Radioisotopes of most of the elements important in plant nutrition 
enable the investigators to follow the movement of these elements in 
minute quantities from the nutrient solution throughout the plant and 
to study the mechanisms involved in uptake and metabolism. 

Chlorosis (the yellowing of plants caused by the loss of, or failure 
to form, chlorophyll) is often responsible for severe reduction in yields, 
particularly of orchard crops. This yellowing is generally considered 
a symptom of iron deficiency but investigations have shown that it 
may occur even though there is apparently an adequate supply of iror 
in the soil. Current work has shown that certain chemical elements or 
other factors can interfere with the normal uptake and metabolism 
of iron, thus creating the iron deficiency in the plant. Although 
present-day treatments alleviate the condition, better understanding 
of the fundamental mechanisms involved may lead to development of 
more efficient procedures. Radioisotopes of iron are already con- 
tributing in this respect. 

Radioactive tracers are used in applied research on soils as a means 
of evaluating the soil-fertility status or the effect of method of appli- 
cation on the efficiency of fertilizers. For example, before recommen- 
dations can be made in regard to the use of chemical fertilizers, the 
status of the availability of a given nutrient in the soil must be evalu- 
ated. Radiophosphorus makes it possible to use the plant itself as 
the judge of the availability of phosphorus and to express this avail- 
ability in simple terms—pounds of fertilizer equivalent per acre. A 
fertilizer, superphosphate for example, tagged with radioactive phos- 
phorus is added to the soil specimen at a known rate, say 100 pounds 
per acre. The crop then has two sources of phosphorus, that from the 
soil and that from the fertilizer. If analysis of the crop for total 
and radioactive phosphorus shows that equal amounts come from both 
sources, then the soil contains phosphorus available to the plant 
equivalent to 100 pounds of superphosphate per acre. If there is 3 
times as much soil phosphorus as radioactive phosphorus, then the 
soil equivalent is 300 pounds per acre. ; 

Similar techniques permit the evaluation of the efficiency of various 
fertilizer materials as sources of phosphorus, as well as the effect of 
methods, rates, and times of application on the efficiency of fertilizers. 
For instance, the Department of Agriculture and the State experiment 
stations have carried out extensive experiments on the effect of place- 
ment of fertilizer on its utilization by the crop. Experiments with 
corn have shown that placement with or near the seed will encourage 
early growth but may not contribute to increased yield. Greater 
yields are more likely to be obtained through heavy phosphorus fer- 





PEACEFUL USES OF ATOMIC ENERGY 173 


tilization of a legume preceding corn in the rotation or by placing 
the phosphorus below and on either side at some distance from the 
seed. 

Advice as to materials, methods, and rates of application for specific 
soils and crops based on these and similar investigations is now reach- 
ing the farmer through the State experiment stations and the county 
agents and may be expected to make a significant contribution to better 
returns on fertilizer investment. 

Other problems of interest to the agronomist and conservationist 
may also be solved as a result of this new tool. For example, the 
effects of tillage practice and the compaction effects of tillage and 
harvesting machinery on the bulk density of the soil are being studied 
by the scattering or absorption of gamma rays from radioactive cobalt. 
Neutron scattering is being used as a rapid means of estimating soil 
moisture. The radioactive isotopes of phosphorus and rubidium have 
been added to surface waters to determine the rate and direction of 
subsurface drainage and to irrigation waters to evaluate the efficiency 
of distribution systems. By use of tagged clay minerals, it may be 
possible to gain a better understanding of the process involved in the 
formation of the soil layers. This would lead to improved systems of 
soil classifications and to more accurate prediction regarding soil 
use and fertility responses, 


Radiation in processing agricultural products 

Current research indicates the possibility of utilizing radiation in 
the processing of agricultural products. Insect infestation in grains 
and cereal products, for example, has been eliminated at costs that 
compare favorably with conventional procedures such as fumigation. 
Current work indicates that the shelf life of meat products stored 
at 80° to 40° F’. may be increased by pasteurization with radiation 
and that undesirable changes in flavors and color are reduced. The 
sprouting of potatoes has been successfully inhibited by radiation, 
prolonging storage life many months and permitting transportation 
under less critical conditions. Radiation also prevented or reduced 
sugar formation in the stored potatoes. Trichinosis, the human dis- 
ease derived from pork infested with animal parasites called trich- 
inae, can be prevented by irradiation of the meat. Dosages, suffi- 
ciently low to reduce undesirable changes in the meat, prevent the 
larvae from maturing, thus breaking the life cycle of the organisms. 

Much fundamental work remains to be done in investigation of 
the factors affected by radiation in food products, and studies must 
be carried out to make sure that such radiation treatments do not 
cause toxicity of any kind, as well as to eliminate, if possible, any 
undesirable side reactions such as off-flavor or change in color. 
Although the successful sterilization of food products is of obvious 
importance to agriculture, the principal research program in this 


_ is that of the Research and Development Division, United States 
é my. 


Nuclear power sources 

Current public interest in atomic energy centers on the successful 
development of power from nuclear reactors. Development of inex- 
pensive power from such sources could have a substantial effect on 


agriculture, if it could be accompanied by reduction in production and 
distribution costs. 
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ECONOMIC EFFECTS 


Although an economic appraisal of the contributions of atomic 
energy to agriculture is difficult, some potential effects on agricultural 
economy are considered in the following paragraphs. 

Agriculture currently is producing in excess of market require- 
ments. However, further increases in United States population will 
bring increasing pressures on our production resources in the future. 
By 1975, we may need a volume of farm output 30 percent or more 
above that produced in recent years. 

Demands for livestock and livestock products are expected to show 
a relatively greater increase than will demands for direct food crops. 
This underscores the need for increasing our production potential of 
feed and forage crops. In addition, the changing character of the 
demand for agricultural products will create additional problems of 
production adjustment. Development of profitable alternative crops 
to wheat in the Great Plains area, for example, could aid materially in 
balancing farm production with market requirements in the years 
ahead. Newer research techniques, resulting from developments in 
the atomic energy field, could aid in the solution of problems of this 
sort. 

Reports indicate, for example, that Canadian research workers have 
succeeded in developing several new strains of barley that mature 
in shorter growing seasons. The newer strains were obtained from 
mutants resulting from irradiation. Application of this technique 
could undoubtedly assist United States plant breeders in their work 
to develop improved and better-adapted varieties of crops that would 


make economically feasible the substitution of feed and forage crops 
for surplus crops 1n specialized Te areas, 


Some degree of success has been achieved in the development of 
new strains of oats from mutants induced by irradiation. These newer 
strains have increased resistance to stem rust, have stronger straw, 
and produce yields at least equal to present oat varieties. The poten- 
tial economic importance of this development to farmers can hardly 
be overestimated. When stem rust strikes an oat crop early in the 
season, it can destroy the entire crop. Although the disease does not 
attack all oat areas the same year, it may well be widespread enough to 
reduce national production 10 percent or more. This is equivalent 
to more than 125 million bushels of oats, worth $100 million at prices 
received by farmers in the past few years. 

Use of isotopic tracers as a research tool may enable soil and crop 
scientists to develop improved techniques in placement, method of 
application, and timing of fertilizer application that will increase 
materially the efficiency of commercial fertilizers. If, for example, 
a 1-percent increase in efficiency of fertilizer use could be attained 
through such developments, it would mean savings to farmers (based 
on their fertilizer bill in recent years) of more than $10 million. There 
is reason to expect the increased efficiency to be greater than 1 percent. 

Experimental work indicates that it may be possible to eliminate 
the screwworm population in some areas and reduce it in others 
through biological control by use of radiation. Such a development 
would mean substantial savings to livestock farmers in reduced operat- 
ing costs and improved quality of product. It is estimated that the 
screwworm costs the American farmer from 20 to 25 million dollars 
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ually in reduced income and expenses for detection and treatment 
if ‘affected animals. Control of the screwworm appears to be most 
feasible in Florida and the Southeastern States, where annual s 

ings to farmers might run around 10 to 15 million dollars a year. 
Control of screwworms in Texas and the Southwest is more difficult, 
because screwworm flies can move into the United States from 
Me x1CO. 

There appears to be some possibility for improved control of insects 
in stored grains through the use of atomic energy. No estimates can 
be given of the potential reduction in infestation or saving in e xpendi- 
tures for insect control, but success in this field could subst: antially 
affect farm production and i income. Losses of stored cereal grains in 
the United States from insects were estimated to be 119 million bushels 
in 1952.” At 1954 farm prices, this grain would be worth $142 million. 
Loss of stored wheat in the Great Plains region may be as high as 
10 percent in a season, and insect damage to corn stored in the ‘De ep 
South may be as high as 9 percent a month. 

The economic implications of atomic energy as a power source are 
uncert ain, in view of the infancy of its use. Efficient fuel-powered 
electric generating plants are now producing energy at a cost of one- 

rd cent per kilowatt hour. If atomic energy 1s to lower electric 
power costs of farmers, the greater opportunity exists in reducing 
distribution costs through development of efficient generators in areas 
now served at high distribution cost. However, further improve- 
ments in the technology of atomic energy use could result in its wide- 
spread application in farm operations with considerable savings in 
power costs, compared with present conventional sources of power. 


LIMITING FACTORS IN ADDITIONAL PROGRESS 


Current research activities employing radiation and radioisotopes 

indicate that applications of these new techniques are limited only by 
he imagination and ingenuity of the investigators, and range from 
logical extension of current work to the possibility of using tritium 
in large-scale research on watershed hydrology, an important con- 
~ ition in conservation. 

chief limiting factor is the number of research workers trained in 

oa ‘ulture and the associated biological sciences who at the same 
time have special knowledge of atomic energy. This lack could be 
alleviated in part by financial support to agricultural colleges for 
traning of such specialized students. The support might be in the 
form of fe ‘llowships devoted to this specific purpose or in the avail- 
ability of one or more special courses in the curricula of various 

schools. Courses of training in agriculture are so intensive, however, 

s to eliminate the possibility of new courses unless they are substitu- 
tions for existing courses. Faculties then might be encouraged to 
permit the substitutions. 

pecial educational programs for farmers are not required at this 

tin ne, since it is unlikely that they will make direct use of radioactive 
a rials. Farmers will utilize the products of research in the form 

of improved plant varieties, animal feed, and farm practices. 


es 


ret one in Agriculture. USDA, ARS, 20.1. June 1954. Includes corn, wheat, oats, 
y, rye, and grain sorghums, 
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Industries using agricultural materials, either as products or sup- 
plies, will require specialized technical knowledge within their organ. 
izations. This particularly will be true if a considerable program of 
food sterilization by irradiation develops. Training will be neces. 
sary both for effective operation of the processes and for protection 
of workers in the plant operations. 

The present facilities for supplies of radioisotopes to agriculture 
and of potential sources of radiation are limited by the demand 
that has been made for these materials. If this demand is increased 
by further development or if the requirements of other users increase, 
then there will not be enough materials for all concerned. The de- 
mands for radioactive materials in agriculture could increase several- 
fold within the next 10 years without taking into account the ver) 
great demands that could be made for food sterilization. Existing 
irradiation capacity for producing genetic changes in crop plants is 
adequate for foreseeable needs, but further units might be required 
for experimental convenience. 

Laboratories and experimental facilities in agricultural colleges 
should be increased. This would require new structures, since exist- 
ing ones generally are being used to full capacity. Such expansion 
could be accomplished as part of the training program for students 
and as progress is made in the development of food sterilization. In 
addition, the support of atomic energy research in the Department of 
Agriculture should be continued with full realization of its import- 
ance. Funds presently available limit research in use of atomic 
energy to a few specialized subjects. A well-rounded research pro- 
gram is needed in the agricultural organizations, both public and 


private, if the full potential of the atomic energy advances are to be 
utilized for agriculture. 
Prepared by the Agricultural Research Service, August 29, 1955. 





BACKGROUND MATERIAL FOR CHAPTER 6 
SEMINAR REPORT ON FOOD PRESERVATION 
Ocroper 21, 1955 


A seminar discussion on preservation of food by atomic radiation 
was held on October 21, 1955. 

The discussion focused on the potential impact of a successful radia- 
tion preservation process on the food processing and distributing in- 
dustries. The following were members of the seminar: 

Discussion leader: True D. Morse, Under Secretary, Depart- 
ment of Agriculture. 

Maj. Gen. C. L. Adcock, U. S. A. (ret.), director of technical 
development, Continental Can Co., New York, N. Y. 

Prof. John D. Black, department of economics, Harvard Uni- 
versity. 

Dr. W. E. Krauss, Ohio Experimental Station, Wooster, Ohio. 

Jac J. Lehrman, vice president, Giant Food Stores, Washing- 
ton, D.C. 

K. V. Plummer, president, Pacific Fruit Express, San Fran- 
cisco, Calif. 

John Powderley, industrial engineer, Amalgamated Meatcut- 
ters and Butcherworkers, Chicago, Il. 

Judson §S. Sayre, president, Norge division, Borg-Warner 
Corp., Chicago, Il. 

Belford L. Seabrook, vice president, Seabrook Farms Co., 
Bridgeton, N. J. 
ne H. Swift, assistant vice president, Swift & Co., Chicago, 


Prof. Harold B. Tukey, department of horticulture, Michigan 
State University, East Lansing, Mich. 

Dr. Roy H. Walters. vice president, research, General Foods 
Corp., White Plains, N. Y. 

Dr. Paul C. Wilbur, vice president, Food Machinery & Chemi- 
cal Corp., San Jose, Calif. 

Technical consultants : 

Dr. Paul B. Pearson, Division of Biology and Medicine, United 
States Atomic Energy Commission. 

Dr. Ralph G. H. Siu, Food Sterilization Project Director, 
Quartermaster Corps, Department of Army. 

Dr. George W. Irving, Jr., Deputy Administrator, Agricultural 
Research Service, Department of Agriculture. 


Technical papers considered by this seminar as the basis of dis- 
“ission included: (1) Treatment of Foods by Ionizing Radiations by 
Office of The Quartermaster General, Department of the Army, (2) 
Impact of Peaceful Uses of Atomic Energy With Respect to Foods 
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and Drugs, by Pure Food and Drug Administration, Department of 
Health, Education, and Welfare. 

A summary of the discussion and the information contained in th 
background technical papers follows herewith. 

Radi: ation preservation of foods should result in limited early bene- 
fits, but serious obstacles must be surmounted before use of this tech- 
nique becomes widespread. There is no certainty that initial difficul- 
ties can be overcome, but only when the problems are solved will an 
industry develop and make its impact felt in related industries, 

It can probably be assumed, however, that irradiated foods will 
be fit for human consumption. Experiments have not shown any 
harmful effects on animals fed irradiated foods. Experiments with 
humans, begun this year, have not shown any harmful results. Studies 
are being made under the direction of The Surgeon General to learn 
what toxicity hazards, if any, lie in radiation-preserved foods. To 
date all ev idence has been negative. The studies will be completed in 
5 years. 

It should be emphasized that irradiated foods do not retain any 
residual radiation. 

Food to be preserved by radiation may be given doses either of 
gamma rays or ae beams. There is no difference between the 
gamma rays and electron beams in their effect on bacteria and the 
changes in taste and smell which they bring about in foods. There is, 
however, a difference in the nature of treating the foods and the 
efficiency of the different methods used for sources of energy. , 

Gamma rays may be produced by radioactive elements or radio- 
active isotopes, or from man-made generators in the form of X-rays. 
Gamma-ray treatment has better penetrating characteristics, but effi- 
ciency is rated at only a 5-percent maximum in power reactors which 
are presently available. Use of radioactive materials as the source 
for gamma rays requires special licensing. Gamma-ray sources must 
be shielded when not in use. 

Electron beams may also be utilized from radioisotopes, but the 
type of high intensity electron beams utilized in food preserva- 
tion experiments may be best obtained from man-made particle 
accelerators. 

Electron beam irradiation of foods for preservation requires tre- 
mendous sources of energy, utilizing millions of electron volts, al- 
though there is an inherent limit of about 20 million electron volts. 
At higher energies, residual radiation in the food may be produced. 
Treatment with energies of up to 6 million electron volts is effective 
to a depth of only 1 ‘to 2 inches, enough for treatment of beefsteak, 
for example, but electrons of acceptable energies do not have the pene- 
trating abilities to treat the depths involved in a side of beef. In 
addition, generators 4 to 6 times as powerful as those now available 
would be needed to approach production-line food-processing 

capacities. 

The general advantages of electron irradiation are the efficiency of 
utilization—60 to 75 percent of the available power can be utilized— 
the relative ease of operation and the need for few technical operating 
personnel. 
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FOOD TREATMENT 


Most foods which are to be treated by radiation for preservation 
must first be packaged. The irradiation process destroys bacteria 
vhich cause food decay; unsealed foods would be subject to contam- 

ation subsequent to the irradiation process. 

While the radiation-preservation process kills bacteria, it does not 

inactivate enzymes in living food tissues which change the flavor and 
odor of food. ‘The current ‘problem is how to kill the bacteria and still 
not bring about off-flavor, off-odor, or breakdown of the food tissues. 
Radiation in the frozen state or in the presence of an inhibitor, such 
as ascorbic acid, diminishes the production of off-flavor and off-odor. 
Radiation in the absence of oxygen also reduces off-odor. 

Present experiments show there is near-term promise that a dozen 
perishables can be successfully treated by radiation so that they can 
be stored without refrigeration. These include asparagus, bacon, 

en beans, beef liver, broccoli, brussel sprouts, carrots, chicken, cod- 
is 1 cakes, pork, pork sausage, and waflles. Other types of food used 

current experiments show lesser possibilities for successful irradia- 
tion processes. Irradiation of milk, butter, and cream, for example, 
has thus far resulted in preserved products with strong, objectionable 
Odors. 

Lesser dosages of radiation will serve to lengthen the refrigerated 
shelf life of a number of foods, with no major changes in flavor or 
lor, Relatively mild treatment will extend the shelf life of beef- 
ste ha mburger, lamb, fish, luncheon meat, tomatoes, and other 
modi ies by as much as 5 to 10 times. 

A third phase of food irradiation, using even smaller dosages, ap- 

; to hold the most promise for arly applic ation. Assembly- line 
rT’ cal ation of grains should prevent infestation by insect pests which 
nui lly inflict heav y damage upon stored crops. Similar methods 

of radiation treatment h: ive been successful in lengthening the storage 
life potatoes and certain types of onions by ‘delaying sprouting. 
Irradiation of potatoes also can control formation of sugars, a factor 

f importance to potato-chip manufacturers. 

‘The een dosages of radiation also have been used successfully on 
pork to kill the trichina parasites, source of the human disease, 
trichinosis. 

Following the 5 years which are required to finish present toxicity 
studies, it is estimated that another 3 to 10 years may el: apse before the 
food-processing industry would be able to apply these new techniques 
to me ats, fruits, and vegetables. 

Commercial irradiation of foods will probably require an expanded 
zovernmental inspection program before such foods are placed on the 

market for home consumption. The Department of Agriculture has 

large staff of food inspectors and a complete food- inspection pro- 
gram. Given properly trained personnel it could cover the irradi- 
ited food-inspection problem. The Pure Food and Drug Administra- 
tion does not have the staff to make the necessary routine inspections 
it food-production plants; rather, it has concentrated on spot inspec- 
tions to locate defective products. It would, therefore, have to set up 
inhew organization to do routine food inspection. 
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Perhaps the greatest problem to be overcome before food irradiation 
has any impact is the problem of consumer acceptance. Even after 
it is established that irradiated foods conform to the present standards 
of safety, taste, odor, and color for public acceptance, a program of 
public education must follow, if public acceptance is to be achieved. 
Irradiated foods must, of course, be priced within a competitive range 
of other foods to gain acceptance. 

Assumptions about the price of irradiated foods are most difficult, 
and cannot be made realistically at the present stage of development. 
No proven cost figures have been established, and no pilot-plant work 
is scheduled before 1958, so that accurate figures will not be available 
for some time. Preliminary estimates indicate that the costs of 
irradiating foods will probably range from 0.3 certs:-per pound to 7 
to 10 cents per pound. The latest estimate places 7 cents as the high- 
est limit and 4 cents as a probable value. This compares with 2 to 
3.5 cents for frozen foods, 0.2 to 0.5 cents for canned vegetables, and 
0.8 to 5 cents per pound for meat. 

Should a commercially feasible method of food irradiation be 
developed and consumer resistance be overcome, food growers should 
generally benefit. Food irradiation would lengthen. the period in 
which produce could be marketed, thus extending the market areas 
for fruit and vegetable farmers. The commercial acceptance of radia- 
tion preservation would also tend to encourage the development of 
fruits and vegetables particularly suitable for radiation treatment. 


FOOD-PROCESSING INDUSTRY 


Preservation of foods by radiation seems unlikely to have any sub- 
stantial impact for some years on the established food-processing 
industry. It is generally held that development of commercial food- 
irradiation processes will be gradual, and that the effects of such 
developments can readily be absorbed by most segments of the 
industry. 

Radiation genetics appear to hold the most immediate promise of 
benefit to food processors. Uniformity in size, color, and flavor, 
higher yields, uniformity of set and position of the crop on the plant 
are of tremendous advantage in the mechanical harvesting and process- 
ing of agricultural products. Such factors are forecast through 
radiation genetics and should result in considerable savings to the 
growers, packers, and consumers. 


FOOD PROCESSING 


Food processing is one of the Nation’s greatest industries, repre- 
senting an annual dollar volume of 58 billion. Of the total food 
product, an estimated 63 percent is processed in some form, and 
approximately 69 percent is packaged. ; 

The Nation’s food-processing plants.are distributed strategically 
throughout the country, and commercial irradiation of foods should 
not require development of new plants or relocation of existing plants. 

If the ultimate result of present research should be a method of 
food preservation which will supplant certain canned and frozen 
foods, then the long-range impact on the food-processing industry 
would be great. Of greater short-range importance, however, is the 
possibility that low doses of radiation will retard the rate of spoilage 
of fruits and vegetables which are to be canned or frozen, thus allow- 





PEACEFUL USES OF ATOMIC ENERGY 181 


ing processors additional valuable time in which to preserve their 
produce by present methods. In such a way radiation would supple- 
ment, rather than supplant, present preservation methods. 

Radiation preservation of fresh produce, or extension of the re- 
frigerated life of perishables, would aid in solving present produce 
inventory problems which now include spoilage of up to 50 percent of 
some produce items between the farm and the consumer. Price varia- 
tions in seasonal produce might possibly be minimized through the 
year, resulting in economies for growers, packers, and consumers. 


FOOD PACKAGING 


Irradiation of foods could have substantial effects on the methods of 
packaging. Prepackaging of foods in production areas would over- 
come some present shipping difficulties and would bring about new 
eficiencies in both packaging and handling. The food-container indus- 
try would suffer only if severe competition were offered glass and tin 
containers by flexible packaging. Breakage and handling hazards of 
the flexible packages might indicate the continued desirability of the 
rigid containers. Costs of radiation preservation could be partially 
offset by the use of lighter steel for fabricating containers. 

Prospects of longer shelf lives for foods should not alter materially 
the present picture for canned and frozen goods, inasmuch as spoilage 
isnot a major factor. Present aseptic canning methods are aimed at a 
)-year storage maximum and each year the canning industry experi- 
ences a carryover in large food packs, resulting in a drop in prices and 
asubsequent smaller pack the next year. Frozen foods may be expected 
toretain their flavor qualities for 6 days at 30° F., 6 weeks at 20° and 
6 months at 10°. An area in which substantial economies might be 
realized through longer shelf lives is in the stockpiling of foods for 
nilitary and civil-defense purposes. 


FOOD-PROCESSING MACHINERY 


No sudden shifts may be expected in the field of food-processing 
machinery. The food-processing industry is highly mechanized, and 
works on a continuous-flow assembly-line basis from field to prepara- 
tion, packaging, and marketing. Irradiation of foods would require 
added capital outlays for equipment. Consumer acceptance, economies 
inthe finished products, the seasonal use of such equipment, and other 
factors must be assured before the additional investments can be justi- 
ied. The large manufacturers of food-processing equipment may be 
expected to take the lead in manufacturing irradiating equipment. 
By the same token, the larger food-processing firms may reasonably 
be expected to be the first to invest in radiation equipment. 


FOOD MERCHANDISING 


Food distributors will encourage growing new types of crops be- 
cause they offer sales appeal to the consumer through introduction of 
lew varieties in the diet. New varieties and new flavors are to the 
food industry what new models are to other industries. 

lhe food distributors, however, may have a difficult problem in mar- 
keting radiation preserved foods, First will be the problem associated 
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with all new products—encours aging the public to change its buying 
habits. The public’s early experience with atomic energy was largely 
on the frightening side. As a result of confusion with radioactive 
fallout of atomic weapons, many persons fear all forms of radiation, 
Food distributors introducing radiation preserved food products must 
convince the public that the radiation treatment which the food 
receives is not harmful to those who eat it. 

The food retailers, like the distributors, welcome the introduction 
of new varieties and new flavors. They tend to adopt new products 
quickly, provided they have public acceptance. A successful radia- 
tion preservation process would make it possible for retailers to offer 
consumers year-around garden-fresh fruits and vegetables for the first 
time. Reductions in food spoilage would not only bring reductions 
in distribution costs but also would result in increased availability of 
fresh fruits and vegetables. 


MEATPACKING 


Precutting and prepackaging of meats at packinghouses would en- 
able retailers to handle fresh meat with little or no further processing 
at stores and warehouses. If radiation preservation of meats is par- 
ticularly successful, many meats and meat products could be handled 
in grocery stores without refrigeration. With refrigeration and 
freezer space costing over $100 per square foot in the modern super- 
market, as compared with $20 per square foot for canned goods and 
staples, the potential savings could be significant. The consumer, 
in turn, would receive a fresh, carefully graded product. The labeling 


of meats would be as simple as the labeling of staples, and brand 
identification of an increased number of meat products for the con- 
sumer might tend to become widespread. 

rt” - > . 

The smaller, regional packinghouses, however, would have less need 
for radiation preservation where products are marketed rapidly. Cost 
and technical manpower factors also might make it uneconomic for 
smaller packinghouses to turn to radiation preservation. 


FOOD TRANSPORTATION 


Successful irradiation of foods appears unlikely to bring about 
change in the food-transportation industry. While requirements for 
refrigerated transportation might be modified somewhat by use of 
radiation techniques, there will apparently still exist the need for 
protecting the irradiated foods against dehydration, freezing, and 
other excessive weather conditions which m: iy be found between pro- 
duction centers and markets, and the existing insulated refrigerator 
car is best suited for this purpose. The demand should continue for 
rapid movement of foodstuffs to market to serve an ever-growing pop- 
ulation with steadily increasing buying power, thus requiring a steady 
increase in food transport. Both pasteurization and food preserva- 
tion by radiation would result in products packaged in such a manner 
as to require high quality of transportation equipment, either rail, 
truck, or plane. 


REFRIGERATION 


The refrigeration industry seems likely to suffer only minor set- 
backs as the result of a successful program of radiation preservation 
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of foods. By far the largest segment—80 percent—of the industry’s 
gross annual sales is represented by home refrigerators. Since the 
main function of the home refrigerator is the storage of leftovers and 
refrigerated meal components, the use of radiation preservation would 
in no way affect this requirement. Once the package is broken on 
radiation-preserved food, it begins to decay in the same manner as 
fresh food. 

The most immediate practical applications of food irradiation ap- 
pear to be for deinfestation of grains prior to bulk storage—which 
would have no effect on the refrigeration industry—and low radiation 
dose pasteurization for meats, poultry, and fish, for the purpose of 
increasing the storage life of these foods while held in refrigeration. 
Such a development would reduce the demand for freezer equipment, 
but would seem to increase by a like amount the demand for cold- 
storage equipment. Even if radiation preservation techniques were 
to be perfected far ahead of the anticipated schedule, conversion from 
present food-processing methods to new methods would apparently 
be gradual. ‘Thus any impact of radiation preservation on the re- 
frigeration industry would be absorbed over a period of many years. 


SUMMARY 


In summary, food irradiation appears to have its first large-scale 
application where low dosages are useful. Insect pests may be eradi- 
cated in stored grain; disease-bearing parasites may be destroyed; 
and the sprouting of tubers may be slowed. The refrigerated shelf 
life of certain meats, fruits, and vegetables may be extended. Major 


problems are yet to be surmounted in the effort to preserve foods by 
radiation, and the achievement of solutions cannot be forecasted 
accurately. Any general impact upon the food-processing industry 
may thus most likely be absorbed gradually over a period of years, 
in an evolutionary, rather than a revolutionary manner. As these 
technical developments do come about, however, their net effect on the 
individual consumer will be to increase the quantities and varieties 
of food available entirely apart from any actual services in the pro- 
duction of foodstuffs on the farms of the Nation. The result for the 
Nation as a whole will be a further accentuation of the national 
problems of food surpluses. 


TREATMENT OF Foops spy Ionizing RapIATIONS 
A SURVEY OF CURRENT STATUS, SEPTEMBER 10, 1955 
Submitted by the Department of Defense 


Prepared by Office of The Quartermaster General, Department of the Army, 
Washington, D. C. 


I, INTRODUCTION 


The Panel on the Impact of the Peaceful Uses of Atomic Energy of 
the Joint Committee on Atomic Energy of the Congress of the United 
States requested a survey be prepared by the Department of Defense 
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on the current status of the treatment of foods by ionizing radiations, 

A letter from the panel chairman, Mr. Robert McKinney, to the 
Assistant to the Secretary of Defense (Atomic Energy), Hon. Her- 
bert B. Loper, dated July 29, 1955, set forth the intent of the survey, 
The specific points to be included were given as: : 

(a) Those foods and other perishables which now appear to lend themselves 
to radiation sterilization and pasteurization. 

(b) Those foods which are expected will lend themselves to this method of 
preservation upon completion of further study. 

(c) A brief description of the character and extent of the technological im- 
pediments to the successful use of this technique for preservation. 

(d) A brief description of any special packaging, or packaging and storage 
techniques or facilities required. 

(e) A brief description of the kinds of facilities needed to perform radiation 
sterilization or pasteurization. 

(f) A comparison of the cost per pound for preservation, storage, and trans- 
portation of perishables sterilized or pasteurized by radiation with the cost 
per pound for preservation, storage, and transportation for the same perishables 
preserved by other means. 

Besides data directly related to these questions, other considerations 
have been discussed in order to present a rounded picture of the state 
of the art. This is submitted in the subsequent paragraphs. 

In the presentation of this survey the Department of Defense wishes 
to emphasize the fluidity of much of our current data and opinions. 
They are qualified by the inevitable uncertainties of a program in its 
research phase of growth, rapid though the progress may be. Our 
optimism or pessimism on specific details must be qualified with the 
recognition of future findings yet to unfold. 


Il. MOTIVATION 


The momentum behind the concerted effort to develop the process 
of irradiation of food stems from a multiplicity of beneficial avenues. 

First, there are the potential contributions toward lessening the 
incidence of diseases throughout the world. Table 1 provides a list 
of some of the important helminthic diseases which are transmitted 
through contaminated foods. A significant number of the American 
people are affected by trichinosis. ‘Treatment of food by ionizing 
radiation has been shown to kill the helminthic parasite without 
changing the appearance or flavor of fresh pork causing trichinosis. 
It is believed that comparable results are in the offing for helminthic 
diseases in general, as well as food-borne bacterial diseases, such as 
Salmonellosis. 

Second, there are the potential contributions toward aileviation 
of the worldwide Malthusian food dilemma. The present world pop- 
ulation of 21, billion is growing at the rate of nearly 100,000 a day. 
The challenge of meeting the ‘higher food demands at ever-rising 
standards must be met. The various instruments toward this never 
ending goal include the increasing of yields from farms now under 
cultivation, the bringing of new lands into utilization, the improving 
of methods of distribution to dissolve the specter of localized oases 
of farm surpluses in an enveloping desert of scarcity and the reducing 
of heavy losses during storage and shipment between the farm and 
thedinner table. It is in the latter two categories that food processing 
with ionizing radiations promises significant returns. 
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The capabilities of the treatment in reducing the requirement for 
refrigerated handling of perishables can extend their distribution to 
peoples in lands not blessed with modern storage facilities. The 
stretch-out of the storage life of tubers can help the farmer in his 
marketing activities. The ready destruction of insects infesting grain 
can assist materially in combating the large losses, estimated at vary- 
ing figures up to 50 percent for the hot and humid areas of the world. 
The killing of insect larvae can free some fruits from the present 
shipping restrictions imposed by interstate and international com- 
merce practices as a quarantine against the spread of plant diseases. 

The enormity of the overall food question can be surmised from 
data advanced by the United Nations Food and Agriculture Organ- 
ization in tables 2 and 3. The former table lists representative coun- 
tries, together with their present caloric availability and the 1960 
nutritional targets, adjusted according to the respective physiological 
requirements and practical feasibility. It is significant to point out 
for comparative purposes that 3,200 calories for man and 2,300 cal- 
ories for woman are considered nutritionally adequate daily intakes 
for this country. Table 3 dissects the gross caloric figures into com- 
ponent food groups. The large discrepancy between the present 
levels of availability and the nutritional goals can be readily seen. 
It presents a great challenge for humanitarian action. 

Third, there are the potential contributions toward materially as- 
sisting the emergency nuclear energy industry in solving its problems 
of waste disposal and economics. Rapid progress must be made in 
developing nuclear power to assist in meeting the projected threefold 
increase in world energy demand by the year 2000. If the present 
uranium and thorium systems are used in the nuclear production of 
electrical power, it is envisioned that large amounts of radiation and 
radioactive fission products will be produced. The fission product 
to be available in the world has been approximated at 400 tons annu- 
ally for the foreseeable future. The more efficient disposal schemes 
require separation of the longer-life isotopes of cesium and strontium 
from the less persistent ones. The latter can then be disposed after 
a reasonable length of storage. The inevitable question arises as to 
the fate of the cesium and strontium, which require about 600 years 
of natural decay before their radioactivity dwindles to concentrations 
in their original liquid wastes to levels considered safe for human 
drinking. 

The use of these long-life fission products in the irradiation of food 
represents a promising outlet. The possibilities of ancillary income 
from optimization of reactor design for radiation availability; from 
sale of fission products and from rental fees associated with the use of 
fuel assemblies during their period of cooling constitute possible means 
of narrowing the price gap between nuclear and conventional elec- 
tricity. 

Fourth, there are the potential contributions toward increasing the 
standard of living of our own people at home. For the last century 
there has been a distinct increase in the simplification of food prepa- 
ration so as to ease the work of the housewife. The improvement of 

?The estimate has been supplied by the Division of Reactor Development, Atomic Energy 


Commission, that approximately 400 tons of irradiated fuel elements will be available i 
, ‘ td . . Dn 
the United States annually in the early 1960's. " ° 
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canned goods following their invention during the Napoleonic war 
has resulted in a wide array of prepared foods ready for immediate 
consumption. The most recent innovations in simplified dinner prepa- 
ration are frozen precooked meals and ready-to-bake goods, such as 
cinnamon rolls and waffles. 

Irradiation by ionizing radiations show distinct possibilities in 
joining with these advances to increase their ultimate benefit to the 
American public. It is envisioned that the taste of some canned prod- 
ucts may be significantly improved through replacement of heat by 
cold irradiation as a method of sterilization. There are also possibili- 
ties of superior retention of nutrients. In the area of ready-to-bake 
goods, irradiation may drastically reduce or eliminate the necessity 
for refrigerated handling, thereby greatly facilitating their distri- 
bution. 

Fifth, there are the potential contributions to improving the effi- 
ciency of our Armed Forces. As a leading world power, the United 
States will probably be required to deploy her troops on a global basis 
during periods of emergency. ‘The logistic support of these farflung 
forces will tax our national resources. New methods must be found to 
decrease the burden. The same telling advantages described in the 
previous civilian examples will accrue to the members of our Armed 
Forces by the successful development of the irradiation of food. The 
impact of the resulting improvement in the nutritional level of our 
troops and the easing of the military subsistence supply system, involv- 
ing an annual food bill of nearly a billion dollars, will add consider- 
ably to their combat effectiveness in the defense of our Nation. 

Viewed within the context of these five incentives, it is readily con- 


ceivable why research on the irradiation of food is receiving its present 
impetus. 


Ill, EXPERIMENTAL HERITAGE AND GOVERNMENTAL SUPPORT 


The current optimistic outlook on the ionizing irradiation of food is 
due to the rapid progress in nuclear science and radiobiology during 
the past half century and the injection of substantial governmental 
support during the past decade. 

We may consider the discovery of cathode rays by J. Pliicker in 
1859, of X-rays by W. K. von Roentgen, and of radioactivity by H. 
Becquerel in 1895 as the starting point of our story. Their observa- 
tions on ionizing radiations soon stimulated widespread investiga- 
tions of the curious properties of the unique rays. Already in 1901 
P. Curie had been actively collaborating with medical doctors in the 
use of radium for the destruction of cancerous tissues. 

Among the earlier experiments on the influence of radium rays on 
biological systems was that of S. Prescott of this country. His publi- 
cation in 1904 discussed the effects on the colon bacillus, the diphtheria 
bacillus and yeast. This investigation was followed by many studies 
by other workers involving insects as well as microorganisms. When 
W. D. Coolidge of General Electric devised a method of producing 
powerful cathode rays outside of the generating tube in 1925, this 
field of research received a strong impetus. Following the develop- 
ment of other nuclear particle generating and accelerating machines 
during the ensuing decade, a great interest in studying the influence 
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of various ionizing rays on plants, animals, insects, and microorgan- 
isms took hold in the laboratories of the world. 

The first recorded suggestion for the use of ionizing radiations for 
the preservation of food was a French patent obtained in 1930 by O. 
Wiist. The earliest experimental report known to us, but of limited 
circulation, is that of B. E. Proctor, R. J. Van de Graaff, and H. Fram 
of the Massachusetts Institute of Technology covering work under 
contract to the Army Quartermaster Corps from July” 1942 to June 
1943 on the effect of X-irradiation on the bacterial count of ground 
meat. However, it was not until 1947 when experimental data were 
actually published in the scientific literature by A. Brash and W. 
Huber of the Electronized Chemical Corp., of Brooklyn. Their paper 
was quickly followed by a series beginning i in 1948 from the Massa- 
chusetts Institute of Technology. By this time it was clear that foods 
can be sterilized by ionizing radiations. The process was technically 
possible. There were also. important questions awaiting resolution, 
which attracted other research groups. Within the succeeding 5 years, 
significant data were being uncovered in these and other le: ding Amer- 
ican laboratories, such as Brookhaven National Laborator y,C ‘columbia 
University, Gener: al Electric, Stanford Research Institute, Swift & 
Co., and University of Michigan. The British Food Investigation 
Organization had also begun “active studies at its low- -temperature 
research station in Cambr idge. 

Substantial financial support was provided by the Atomic Energy 
Commission beginning around 1950. Univer sities and nonprofit insti- 
tutions were subsidized to conduct studies on the potentialities of 
camma-emitting isotopes in the preservation of foods. It was hoped 
that the process may serve as a bulk outlet for waste fission products. 
It is estimated that this effort averaged $150,000 per year. At the 
same time, the Department of Defense carried a few academic con- 
tractual groups on a modest scale in order to evaluate the military 
applications. 

In 1953 the Department of the Army, as the food-research arm of 
the Department of Defense, conducted a feasibility study of the mili- 
ary implications of the treatment of food by ionizing radiations and 
the wisdom of increased effort by the Department in the area. Based 
on this study, a 5-year multi- million-dollar program was initiated with 
the view of pushing the process over the technological hump so that 
the American industry can continue further dev elopment without the 
considerable financial risk attendant upon the earlier stages of ploneer- 
ing research. By mutual agreement, the food- technologie: il activi- 
ties of the Atomic Energy C ommission were assimilated into the De- 
partment of Army’s program. Beginning in 1954, the latter agency 
carried the entire governmental effort, save for a small amount being 
expended by the Department of Agr iculture. 

Aware of the national implications of the irradiation of food, the 
Department of Army has directed its effort toward drawing the 
American industry into the program as soon as possible. It further 
observed that national accomplishment can be served best by incor- 
porating a broader base of cooperation and support from other Gov- 
ernment agencies, such as the Atomic Energy Commission, Depart- 
ment of Agriculture, Department of Commerce, Department of 
Health, Edue: ation, and W elfare, and Department ‘of State. 
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In the meantime, the President and the Congress have become in- 
tensely interested in ways and means of harnessing nuclear energy 
for peaceful purposes. On March 31 and ‘on 1, 1954, the Subcom- 
mittee on Research and Development of the Joint Committee on 
Atomic Energy encouraged more activity in this direction by hold- 
ing a public hearing on the use of radioisotopes in agriculture. At 
this session the irradiation of food was briefly mentioned. 

The President himself announced this country’s firm resolve before 
the United Nations on December 8, 1953, to promote means of taming 
the atom for man’s benefit. His speech led to the first Internationa] 
Conference on the Peaceful Uses of Atomic Energy, recently com- 
pleted on August 20 at Geneva, Switzerland. 

The encouragement from the Nation’s highest councils created an 
invigorating milieu in which researchers in this country pursued 
studies on the irradiation of food. By the latter part of 1955 over 
60 research groups in this country were involved. <A fairly complete 
list is given in table 4. 

During the past year the congressional subcommittee injected fur- 
ther stimulation into the national effort. An executive session, part 
of another and a public hearing on May 9, 1955, were held on the 
treatment of foods by ionizing radiations. Impressed with the poten- 
tialities of the process and the promising state of the art, the Elsa. 
mittee urged the most rapid rate of progress. The continued exor- 
tation of this governmental body placed the national program on a 
higher order of acceleration. 


IV. PRESENT STATE OF THE ART 


1. General statement 

There are four primary considerations which must be faced in de- 
veloping the process of irradiation of food by ionizing radiations. 
They are: 

First, there must be no reasonable doubt but that ionizing radia- 
tions are capable of destroying micro-organisms, insects, and hel- 
minthic parasites infesting foods. 

Second, there must be no reasonable doubt but that irradiated foods 
are wholesome for continued human consumption and not radioactive. 

Third, the irradiated foods, though nontoxic and nutritious, must, 
at the same time, be acceptable in flavor, odor, and appearance to the 
consumer. 

Fourth, the process needs to be technologically practical and eco- 
nomically attractive. 

The subsequent paragraphs of this section will delineate the state 
of the art in the various aspects of these four primary areas. 

2. Destruction of micro-organisms, insects, and helminthic parasites 

Experiments have conclusively demonstrated that all living organ- 
isms can be killed by ionizing radiations, provided a sufficiently high 
dose is administered. 

In general, the lower in the evolutionary scale the higher is the 
dosage required. The simpler and the smaller the organism the less 
sensitive it is to radiation damage. Thus, while insects can resist 
only a twentieth of the lethal dosage for micro-organisms, man can 
only stand a thousandth. 
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Among micro-organisms themselves there is considerable variation 
in radiosensitivity. This is shown in table 5. Similar differences in 
susceptibility between species are noted among insects. The response 
is also affected by the composition and acidity of the nutrient medium, 
the presence of oxygen, and other environmental conditions. Taking 
all of the variations into account, the following dosages represent fair 
approximations : ' 

(a) For sterilization of food involving complete destruction of 
all living organisms: 2 million rep. 

(b) For pasteurization of foods, involving partial destruction 
of micro-organisms : 200,000 rep. 

(c) For destruction of insects in foods : 30,000 rep. 

(d) For destruction of helminthic parasites : 30,000 rep. 

(e) For inhibition of sprouting of tubers: 12,000 rep. 

The delivery of these dosages is well within the capabilities of con- 
templated beta and gamma sources. The first step of assured destruc- 
tion of living organisms has been well laid. 


3. Wholesomeness of irradiated foods 


An extensive program is being sponsored by the Department of 
1e Army with the guidance of the Food and Drug Administration. 
o far, all results on wholesomeness have been encouraging. 
Neutrons, and electrons above 20 Mev., which may produce second- 
ary activity, are not contemplated for the irradiation of food. With 
the gamma and beta rays currently being investigated, there is no in- 
duced radioactivity. Mexsurements on irradiated foods by means 
of the most sensitive detectors cannot reveal any induced radioactivity. 
Neither did the cobalt-60 radiation of 24 elements found in food cause 
any secondary radioactivity. 

Animal tests have been carried out with many foods without ob- 
serving any toxic effects. Independent feeding studies at Swift & Co., 
University of Michigan, Columbia University, and the Army’s Medi- 
cal Nutrition Laboratory uncovered no signs of toxicity. In the Swift 
series of experiments alone, about 3,000 animals were employed over 
a span of 3 generations, including extensive observations both of a 
gross and a histopathological nature. The latter involved 2,571 sepa- 
rate tissue examinations. 

In some instances a slight retardation of growth was observed in 

rats fed irradiated rations as compared to the controls. However, 
such slight dimunition of nutritive values is not a mark of toxicity 
but is common to all methods of food preservation. Actual experi- 
ments have shown that even twice the necessary dose of radiation re- 
duces the nutritional qualities of beef less than does the retorting proce- 
dure in present-day commercial canning schedules. It is interesting 
to note that in a few instances rats fed certain irradiated foods grew 
even more rapidly than those on the control diet, due probably to radia- 
tion conversion of food constituents to more digestible forms. 
_ Preliminary 8-week subacute toxicity tests have been completed sat- 
isfactorily on 40 foods. Long-term 2-year feeding studies are now 
under way to be carried through 4 generations of rats and another 
species of animals. Records will be taken on growth, food consump- 
tion, lactation, size of litters, viability of the young, and longevity. 
Histopathological examinations will be made on all of the principal 
organs and tissues. 


t] 
S 
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Two preliminary 3-week human feeding tests have been completed, 
in which volunteers were fed 35 percent of their diet as irradiated 
food. There has been absolutely no difference noted between the in- 
dividuals fed irradiated meals and those fed the unirradiated. Ex- 
periments of this kind are being expanded, wherein both the percent- 
age of irradiated food in the diet and the duration of the test runs wil] 
be gradually increased. 

As far as the wholesomeness of irradiated foods is concerned, al] 
experiments to date indicate their fitness for human consumption. 
Because of the potential widespread use of irradiated foods, however, 
we are being conservative in our approach and are massing an over- 
whelmingly convincing array of information before proclaiming a 
final verdict. 

4. Consumer acceptability of irradiated foods 

Foods do not react alike to a given dose of radiation. Table 6 lists 
the approximate maximum level of radiation that can be tolerated 
by various foods without becoming unacceptable in either flavor, odor, 
or appearance. The values range from below 100,000 reps. for milk 
to above 3 million for prunes. Much of the data from different labora- 
tories appear contradictory, due to varying techniques and conditions 
of irradiation. It is known, for example, that the generation of ir- 
radiation odors and flavors is influenced by the presence of oxygen, 
antioxidants, free-radical acceptors, and temperature. Removal of 
oxygen, addition of ascorbic acid, and freezing decrease the undesir- 
able changes in some instances. 

Boldly extrapolating from such unsteady data, we may divide foods 


into several groups according to their current promise. These are: 
(a) Foods which appear to lend themselves to sterilization after a 
moderate degree of further study: 


Applesauce Carrots Pork sausages 
Asparagus Chickens Prunes 

Bacon Codfish cakes Raisins 

3eef liver Corned beef Rolls, ready-to-bake 
Bread Halibut Sardines, oil 


3roccoli Ham ' Sweet potatoes 
Brussel sprouts Pork Waffles 


(b) Foods which appear to lend themselves to pasteurization after 
a moderate degree of further study: 


Applejuice Green beans Salami 
Beefsteak Haddock Sausage 
Cabbage Hamburger Scallops 
Cantaloup Lamb Spices 
Cherries Luncheon meat Spinach 
Coleslaw Mackerel Tomatoes 
Eggs Peas Veal 
Frankfurters Peaches in syrup 


(c) Foods which appear to lend themselves to special treatment 
after a moderate degree of further study : 


Inhibition of sprouting: Potatoes and onions. 

Destruction of trichina, fluke, tapeworm: Infested pork, meat, crabmeat, fish, 
fruits, vegetables. 

Destruction of insects: Flours, grains, pulses, macaroni, noodles, spaghetti, 
cereal products. : 

Destruction of insect larvae to meet plant quarantine requirements: Tropical 
fruits. 
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Improved flavor of canned foods: Many of the canned meats and vegetables 
which fall within classes (a) and (b) above. 

(2) Foods which appear to lend themselves to sterilization after 
further extensive studies: 

seefsteak Lamb Spices 
Frankfurters Luncheon meat Spinach 
Green beans Mackerel Veal 
Haddock Peas 

Hamburger Salami 

(e) Foods which appear to lend themselves to pasteurization after 

extensive studies: 

Bananas Grapefruit Plums 

Corn Lemons Raspberries 
Currants Lettuce Rhubarb 
Crabmeat Oranges Squash 
Gooseberries Peaches Strawberries 

(f) Foods which present extremely difficult food technological 
problems, making the employment of irradiation unlikely in the near 
future: 

Butter Cheese Milk 
5. Sources of radiation 

The different sources of beta and gamma rays potentially available 
to the food processor are fairly clear at this point. What is uncertain 
are their respective speed of development, convenience in use, and cost. 
An analysis of these questions is being undertaken and should be com- 
pleted within a year. 

Pending the outcome of this study we may speculate on the subject. 
As a point of departure the food processor may align himself with 
the growing nuclear energy industry as a user of its radiation sources 
and fission products. Being in the nature of a surplus commodity, at 
present, their cost may prove sufficiently low to be attractive. The 
following avenues are open to him: 

(a) Spent fuel assemblies—During the cooling period between 
discharge from the reactor and processing in the chemical plant, 
the strong radioactivity of fuel assemblies can be exploited. As- 
semblies providing as high as 4 times 10’r per hour are being used 
in current tests. It has been estimated that a sizable nuclear 
power station can keep several food-processing plants supplied 
with radiation from cooling fuel elements. 

The chief disadvantage of this source of gamma rays is rapid 
rate of decay. This may require exchanges of fuel elements in 
the order of weeks, so as to maintain a fairly constant rate of food 
processing. 

At the present time no accurate figure can be set for rental or 
handling charges for fuel assemblies, which complicates the analy- 
sis of irradiation cost. 

(6) Cesium-137.—This gamma-emitting isotope will in all 
probability be separated with strontium-90 from the rest of the 
shorter life waste fission products for easier waste disposal. A 
pilot plant will be completed within 2 years by the Atomic Energy 
Commission at Oak Ridge to effect such a separation. About 
io curies of cesium-137 is estimated to be the annual pro- 

uction. 
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If this isotope with a half life of 33 years emitting a 0.662 
million electron volts gamma and 0.518 and 1.18 million electron 
volts betas is available in megacurie quantities, consideration can 
be given to its use in food processing. Unfortunately, it is not 
expected that such an amount can be realized for at least several 
years to come. This dampens expectations of its early use. 
Furthermore, the American price for cesium-137 has not been 
set, although British estimates run about $4.50 per curie. If the 
latter value holds, megacurie sources of cesium needed for pro- 
duction may prove too expensive as a source of gamma rays for 
food processing. 

(c) Strontium-90.—Strontium-90 with its 28-year half-life, 
emitting 2.24 and 0.54 million electron volts betas, can be used as a 
source of beta rays for the irradiation of food. Unfortunately 
its future is shrouded in the same haziness as has just been de- 
scribed for cesium-137. 

(d) Gaseous fission products from homogeneous reactor —The 
fission gases from a homogeneous reactor as presently designed 
are bled onto a charcoal bed. It is conceivable that the gamma 
emitting gases can be drawn from the reactor via a loop into an 
irradiating chamber outside of the reactor. It has been estimated 
that from a 5-megawatt reactor 3 megacuries of gamma activity 
can be obtained, especially if the short-lived xenon and krypton 
can be captured. 

The principal disadvantage to such an arrangement is too direct 
a coupling of food processing times with power production. 
There may be periods when only 1 of the 2 activities may be de- 
manded. Such occasions would strain the otherwise mutually 
advantageous relationship. Another troublesome feature, com- 
mon also to the 2 succeeding examples, is the requirement that 
food must be processed at the reactor site. 

Discussions have been held concerning experiments to test the 
concept using the homogeneous reactor test being completed at 
Oak Ridge. 

(e) Circulating fuel from a homogeneous reactor.—Pumping 
the radioactive homogeneous fuel from the core to an external 
irradiating facility is another possible way of coupling gamma 
irradiation with power production. 

In view of the fact that such a loop has neither been constructed 
nor designed, more detailed discussion would be unwarranted. It 
may be well to point out, moreover, that besides gamma and beta 
radiations, neutrons will also be emitted. Precautions must be 
taken to shield these neutrons from bombarding the food and 
possibly inducing secondary radioactivity. 

(f) Chemical extraction of fission products from circulating 
fuel solution.—According to preliminary estimates this source 
should yield radiations 20 times as intense as the gaseous fission 
loop described previously. However, the method has not yet 
been developed, although much thought is being devoted to it. 

(g) Reactor-produced isotopes——-The most well-known is 
cobalt-60, emitting 1.33 and 1.17 million electron volts gammas 
with a half-life of 5.2 years. This has been used extensively in 





PEACEFUL USES OF ATOMIC ENERGY 193 


experiments on the irradiation of food. It proved extremely 
simple in actual operation and has many desirable features. 
Aside from cost and availability it would be an attractive source. 

The largest source of cobalt-60 which has been used for food 
irradiation is 10 kilocuries. For a production line, megacurie 
quantities are required. This is contrasted to the estimated 
annual production of United States and Canada of 120,000 curies. 
It would be possible to boost this amount immeasurably through 
the use of the production reactors at Savannah and Hanford. 
However, these latter units, at least up to now, have been reserved 
for higher priority duties. 

The cost of $5 per curie also decreases somewhat the attractive- 
ness of this isotope as far as food irradiation is concerned. 

The coupling of food irradiation with the nuclear electrical power 
industry poses the fundamental problem of how much influence the 
source of a subsidiary income can exert on the major activity in 
looking after its own interest. What would happen if the demand 
for power happens to decline, when that for food irradiation has not ? 
What would happen if an alternate use develops a decade later for 
the irradiation facilities which may be able to pay a higher order of 
price? Can the low-cost food-processing industry meet such com- 
petition? What would happen to the capital investment in the food- 
processing plant geared to the present uranium and thorium type of 
nuclear power stations, if decades later the latter is rendered obsolete 
by, say, controlled fusion reaction ? 

Faced with these basic uncertainties, the food processor may wish 
to set himself up in business independent of the power industry as 
far as irradiation services go. If this is his preference, the following 
alternatives are open: 

(a) Reactor.—Nuclear reactors may be designed for the express 
purpose of oe beta and/or gamma radiations, with power 
as purely subsidiary. The latter may be in the form of low-grade 
steam, space heating, and miscellaneous electrical uses. 

General designs have been considered by reactor engineers. 
North American Aviation, Inc., has described the potentialities 
and characteristics of a homogeneous reactor using enriched 
uranium sulfate in water in a core 18 inches in diameter, oper- 
ating at 135° C. and 60 psi. Fission gases and an activated man- 
ganese sulfate reflector solution are used as gamma irradiat- 
ing sources. An 11-megawatt reactor of this type was estimated 
to be capable of sterilizing 2 tons of meat per hour. 

The Oak Ridge School of Reactor Technology has completed 
a design study of a heterogeneous reactor for the purpose of pro- 
viding gamma radiation instead of power. In this model, alu- 
minum clad MTR rods are to be used. A circulating loop of an 
aqueous solution of indium sulfate extends into the reactor and 
out to a radiating facility for food processing. The indium is 
rendered gamma-emitting by bombardment with neutrons within 
the reactor core. A 17-megawatt reactor is considered capable of 
sterilizing 4 tons of meat per hour. 

Unfortunately, these studies are only paper ones and no plans 
are underfoot to seriously test the concepts experimentally. The 
gamma-producing reactor is not part of the Atomic Energy 
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Commission’s reactor development program and it is unlikely 
that private industry will pursue the problem vigorously for at 
least another 5 years. 

(b) Electron generators.—The use of electrons is limited fun- 
damentally by the depth of penetration at a given energy level 
and the possibility of induced radioactivity at energies ain 20 
million electron volts. For each million electron volts, about an 
eighth of an inch of meat can be penetrated with fair uniformity 
of dose. If the meat is irradiated from both sides with the same 
beam, the effective thickness can be increased 21% times. Thus, 
a double pass of 1 million electron volt electrons is capable of 
effectively sterilizing a steak five-sixteenths inch thick. If for 
the moment we consider 15 million electron volts as the safe energy 
limit from the standpoint of possible induced radioactivity, then 
the food processor should be able to sterilize steaks 1% inches 
thick in a single pass of electrons or a cut of meat over 414 inches 
thick with irradiation from both sides. 

The following represents the various types of electron gen- 
erators that are available or can be made available in the near 
future provided an adequate market develops: the resonant trans- 
former with a fluctuating output of electrons, the capacitron with 
pulsed microsecond surges, the Van de Graaff accelerator with 
a continuous discharge, the cascade generator also with a con- 
tinuous discharge, and the linear accelerator with a unique elec- 
tron energizing system. 

The first four types depend upon a direct acceleration of the 
electrons. At the present time, models are available in energy 
ranges of 1 to 3 million electron volts and electron output of 0.5 
to 12 kilowatts. This power output would sterilize from 50 to 
8,000 pounds of food per hour. For production sterilization, 
however, capacities of 30 to 60 kilowatts may be required, although 
the present-day models may, with some modifications, be ade- 
quate for production lines requiring lower dosages, such as pas- 
teurization and the destruction of insects and helminths. 

Increasing the voltage of the electrons in the direct generators 
to the 15-million-electron-volt range in order to meet require- 
ments for deeper penetration, however, may encounter insulation 
design difficulties, making the resulting high energy direct accel- 
erators rather unwieldy. The complication is avoided in the 
indirect type of electron accelerators—the so-called linear accel- 
erators. In these machines microwaves traveling at a speed nearly 
that of light are employed to accelerate the electrons. The over- 
all result of this ingenious design is a compact unit delivering 
electrons at very high energies. In a typical apparatus of this 
kind, 8 million electron volt electrons are produced with a 
wave guide of about 10 feet in length. At the present time, 
various models of linear accelerators have been manufactured, 
generating up to 6 million electron volt electrons with a 4-kilo- 
watt output. At least 2 concerns in this country and 1 in the 
United Kingdom have expressed an eagerness to provide acceler- 
ators producing the 30 to 60 kilowatts of 10 to 15 million electron 
volt electrons, which may be required for food-sterilizing pro- 
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duction lines. Their engineers envision no special technical 
difficulties. 

There are two obvious advantages in employment of electron 
generators which appeal to food processors. One is their safety 
in operation. ‘The other is the freedom from governmental prac- 
tices and policies regarding the use and supply of reactor fuel and 
isotopes. 

At the present time it is difficult to select the most suitable of the 
different sources of radiation. We will have a better footing after 
completion of the study referred to at the beginning of this section. 
Even then we will have to extrapolate over many gaps and hazy spots 
in our knowledge. This is especially true as far as radiation sources 
dependent upon nuclear reactors are concerned. We feel more certain 
of our figures in the case of electron accelerators. Tentatively, then, 
we may say that for foods of thicknesses below 3 inches, the electron 
accelerators appear attractive. Production size sources can be manu- 
factured within 2 years. For much greater thicknesses, of course, we 
must turn to gamma rays. Unfortunately the economics and con- 
venience of the gamma sources derived from reactors are vague at 
the moment. If the present rate and nature of the reactor develop- 
ment programs in this country are continued, it would not appear that 
production quantities of fission waste isotopes, Cobalt-60 or gamma- 
producing reactors will become available to the food industry within 
the next decade. 

6. Food processing lines 

It is not envisioned that the irradiation of food will drastically alter 
the food packaging and preparation lines, in which substantial capital 
has been invested. In most instances the irradiation treatment will 
be carried on subsequent to the packaging operation. There may be 
departures from this usual practice, such as the sterilizing of thin 
layers of food by means of ionizing radiations followed by aseptic 
packaging. Depending upon the specific product, the sequence of the 
processing steps will vary. Several representative schemes are briefly 
presented below. 

(a) Sterilization.—The irradiation source can be located im- 
mediately following the can sealing machinery and the exterior 
live steam can washer. This involves a substitution of the retort 
in the normal thermal processing line by the gamma or beta gen- 
erators, if sterilized uncooked fresh foods are desired. 

If canned cooked foods with improved flavor are being manu- 
factured, the sterilizing irradiation source may be placed either 
before or after the retorting step, depending upon the results of 
pending investigations. In this case the retort will likely still 
be required to give the canned goods a moderate heat treatment 
for optimal cooking purposes, which destroys much of the taste 
and texture of thermally processed foods. The retort will not be 
necessary if studies underway show that foods can be simul- 
taneously heated and irradiated without adverse effects and that 
the heat as well as the ionizing radiations from gamma sources 
can be controlled in actual use. 

With aseptic canning systems, the irradiation can take place 
immediately before the sterile filler and canning operations. 





PEACEFUL USES OF ATOMIC ENERGY 


(6) Pasteurization.—In the case of vegetables, irradiation can 
be carried out at the end of the processing line, following washing, 
cutting, grading, blanching, draining, and packaging. 

(c) Insect destruction——For deinfestation of grains before 
storage in bulk form in grain elevators, the optimal location for 
the irradiation facility would be between the bucket elevators and 
the principal storage bin. Irradiation would follow the scalper, 
which removes foreign matter and the hopper scale, from which 
the grain is carried by bucket elevators to the bins. 

(d) Destruction of trichina in pork.—The gamma source can 
be located immediately after the slaughtering and dehairing oper- 
ations. The entire hog can be passed by a monorail system 
through the gamma field. 

Such a step is unnecessary if the pork is to be subsequently 
sterilized or pasteurized. Dosages employed in these instances 
wil! destroy the trichina as well as the micro-organisms. 

(e) Inhibition of sprouting of potato—With gamma sources, 
potatoes may be sacked either before or after irradiation, depend- 
ing upon local preference. 

The above examples suggest that the advent of irradiation will not 
significantly disrupt the food processing line. It should be noted, 
however, that although many sketches and diagrams have been pre- 
sented in various publications, no food processing pilot plant in which 
irradiation is an integral step has yet been built or designed. The 
Department of Army plans to have such a facility ready to process 
1,000 tons per month by 1958. Only after experience with its oper- 
ation can the economics and feasibility be ascertained with reasonable 
assurance. 


7. Packaging and storage 

No exceptional storage problems are anticipated. Conventional 
methods of handling, storage, and shipment appear entirely satis- 
factory. 

As far as packaging is concerned, the same general situation holds, 
although some consideration must be given to the best material for the 
different treatments. 

For the sterilization of fresh meats and vegetables. films which are 
impermeable to water and oxygen, resistant to 3 million reps of beta 
and gamma rays, and of sufficient durability are desired. There 
are commercial films available today which meet the minimum re- 
quirement. There is no reason to doubt that given the demand their 
properties will be immeasurably improved. 

For the radiation sterilization of canned cooked foods as a means of 
improving their flavor and texture, resistance of the package to heat 
must also be considered. It is probable that for this purpose the pres- 
ent cans may remain in use. The fact that they absorb a significantly 
greater fraction of the radiant energy than do cans of aluminum or 
plastic films may require further examination before a definitive 
statement can be made. 

For the deinfestation of packaged grains for long-term storage, 2 
material must be used which is impervious to insect penetration and 
reinfestation. Rapid progress is being made in this direction and this 
too, does not appear too great an obstacle. 
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8. Economics 

There are no proven figures on the cost of irradiating foods. This is 
principally due to the fact that pilot-plant quantities of foods have not 
heretofore been studied and daring assumptions had to be made in the 
many estimates advanced to date. A pilot plant processing 1,000 
tons of food per month is being scheduled for 1958 by the Department 
of the Army. A thorough economic analysis is being carried out by 
North American Aviation, Inc., under contract to the Department 
of the Army, to be completed within the next year. 

In the meantime many calculations have been made on irradiation 
processing costs. In general those based on the use of isotopes and 
fission products have been additionally handicapped by the lack of firm 
prices for the source material itself. The electron generators are not 
confronted with this problem to as marked an extent. Tables 7, 8, 
and 9 present typical cost estimates for irradiating foods by linear 
accelerators, reactors built solely for gamma irradiation and fission 
products, respectively. The essence of these and other estimates in 
the literature can be summarized as follows: 

Sterilization of meat (2 million rep) by— 

Cathode ray generators: i to 5 cents per pound. 

Linear accelerators: 0.3 to 2.5 cents per pound. 

Megacurie cesium—137 at $5 per curie: 3 to 10 cents per pound. 

Soft X-ray machines: 4 to 5 cents per pound. 

Reactor, homogeneous (no credit for power, only fission gases 
used ) : 7 cents per pound. 

Reactor, heterogenous (no credit for power, only gamma from 
indium loop used) : 1.2 to 4 cents per pound. 

Deinfestation of grains (30,000 rep) by— 

Linear accelerators : 10 to 74 cents per ton. 
Reactor, homogeneous (no credit for power, only fission gases 
used ) : $1 per ton. 

Inhibiting sprouting of potatoes (10,000 rep) by— 

Linear accelerators : $0.14 to $1 per ton. 

Fission products : $3.50 to $5 per ton. 

Reactor, homogeneous (n* credit for power, only fission gases 
used ) : $1.30 per ton. 

It would not be amiss to reiterate the highly assumed basis for most 
of the figures given above. Caution must accompany their use. They 
are quite indicative of the orders of magnitude of costs, however, 
pending the time when more accurate economic analyses and pilot- 
plant runs on actual foods have been completed. 

In view of the wide range of estimates as to the cost of irradiation 
at the present time, it seems unwarranted to compare the total cost per 
pound for preservation, storage, and transportation of perishables 
preserved by irradiation with that by other means. For general ref- 
erence purposes, however, the costs of conventional processing and 
handling are listed below. 

(a) Freezing: 0.2 to 0.4 cents per pound. 

(6) Cost of producing frozen foods: 2 to 3.5 cents per pound. 

(c) Heat processing of canned goods: 0.15 to 0.5 cents per 
pound for vegetables and 0.8 to 5 cents per pound for meats. 
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Refrigerated storage for fresh meats range approximately between 
20 to 60 cents per 100 pounds per month as compared to 3 to 6 cents 
for unrefrigerated storage of canned processed foods. 

Approximate shipping costs between refrigerated and nonrefriger- 
ated foods are: 

(a) San Francisco to Japan: Refrigerated, 6.4 cents per 
pound; nonrefrigerated, 1.9 cents per pound. 

(6) New York to Germany : Refrigerated, 3.5 cents per pound; 
nonrefrigerated, 1.5 cents per pound. 

(c) Chicago to San Francisco: Refrigerated, 2.1 cents per 
pound; nonrefrigerated, 1.5 cents per pound. 

(d) Chicago to New York: Refrigerated, 0.9 cents per pound; 
nonrefrigerated, 0.85 cent per: pound. 

From the standpoint of processing costs, it appears that the treat- 
ment of foods by ionizing radiations lies in the same order of magni- 
tude as conventional techniques. Cost of handling subsequent to 
treatment appears to be lower. We should bear in mind, however, 
that cost alone should not be considered the principal advantage of 
the irradiation of food by ionizing rays. It lies primarily in the new 
benefits to be derived as described in section II of this report. 


V. FOREIGN COMPETITION 


As of today there is little competition to the United States from 
other countries in research on food irradiation. Except for the United 
Kingdom and possibly the Soviet Union, they have made only cursory 
forays into the field. 

Three research teams have been recently activated in the United 
Kingdom to carry on research on food irradiation. The strongest 
group with an initial technical staff of eight is stationed in a newly 
remodeled laboratory at the low temperature research station at Cam- 
bridge. A smaller unit operates out of the Atomic Energy Research 
establishment at Harwell. A third laboratory is carrying on funda- 
mental research at the Torrey Research Station at Aberdeen. At 
least two manufacturers of electron accelerators are beginning to show 
interest. While the effort is nowhere near the American level, the 
British yroups are experienced, enthusiastic, and competent. 

The West German Government has just established a program at the 
Federal research institute for food preservation at Karlsruhe. A 
small wing will be added to the laboratory, which will be equipped 
with a 1 mev 250-watt electron generator, a 180-kilovolt 3-kilowatt X- 
ray machine and a 6-curie cobalt-60 source. Arrangements have been 
made for wholesomeness tests to be conducted at the Institute for 
Physiological Chemistry at Mainz. It is estimated that the initial 
program for the coming year would involve a total of six men. 

It is difficult to determine the extent of the work going on in Russia. 
Her exhibit at the recent International Conference of the Peaceful 
Uses of Atomic Energy in Geneva included a small graph showing the 
inhibition of sprouting of potatoes by cobalt-60. 

The Norwegians have also carried on preliminary work with po- 
tatoes and carrots at the Institute of Genetics at Vollebekk. So have 
the French with cherries at the Center for Nuclear Studies at Saclay. 

Manufacturers of electron accelerators in Switzerland and France 
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have advertised their equipment for sterilization purposes at the recent 
First International Exposition of the Peaceful Uses of the Atom in 
(yeneva. 

The interest of the world in irradiation of food by ionizing radia- 
tions has been aroused. As more encouraging publications from this 
country begin to — ir in the literature their enthusiasm will mount. 
We should ¢ expect greater competition with time. 


VI. MAJOR UNRESOLVED QUESTIONS 


As in the case of any new field of research the number of scientific 
and technological questions are innumerable. The optimal type of 
rays for individual foods and purposes, the methods of measuring the 
dosage of radiation received in foods, the geometrical arr angement of 
irradiation sources, the techniques of microbiological control, the in- 
activation of enzymes, the relationship between irradiation dose and 
subsequent or prior heat treatment, the place of blanching and high 
frequency as cotreatment with irradiation, the storage charact eristics 
of irradliated foods, the selection of most suitable packaging methods, 
the food-conveying and food-handling facilities, shielding require- 
ments around the radiation source, the radiological safety monitor ing 
and practices, the economic analyses of various systems—these are 
some ex xamples. At the present moment, none of them appear so 
formidable an impediment as to deny the eventual success of the proc- 
essing of food by ionizing radiations. However, there are several 
areas which require concerted attack. A brief description would be 
in order. 

From the psychological as well as the scientific standpoint, the ques- 
tion of the wholesomeness of irradiated foods must be pursued with 
increased vigor. Interviews with representatives from all over the 
world showed that the first question that comes to their minds when 
irradiated food is mentioned is: Is it toxic? Undoubtedly, their un- 

familiarity with the process coupled with their fears of vague things 
connected with atomic bombs and energy make them unduly suspicious. 
Nevertheless, their conservative attitude must be appreciated if we 
hope some day to be able to offer irradiated foods to the public. This 
consideration is quite apart from the fundamental wisdom of being 
convinced ourselves beyond any reasonable doubt that irradiated foods 
are entirely wholesome. 

The uncertainty surrounding the cost and dependable availability 
of fission products from the reactor programs hampers the reliable 
evaluation of the commercial feasibility of food-processing plants 
based on their use. Lack of experience in reactors designed primarily 
for gamma radiation leaves the second source of gamma radiation un- 

ettled. Unless much more data are forthcoming from these areas in 
the next 2 years, which are beyond the control of Department of the 
Army’s food-irr: adiation project, it may well be that we will be forced 
to devote our main attention to electron generators. Knowledge as 
to what the latter can do is far more definite. To do this, however, 
would mean forsaking attempts to irradiate materials exceeding 5 
inches in thickness, such as sacks of grain or sides of beef. This is not 
a desirable turn of events, especially during the exploratory stage. It 
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appears that a bolder attack upon clarifying the uncertainties sur- 
rounding large gamma irradiating sources is called for. 

A more diffused problem is that of taste, odor, and appearance 
brought about by irradiation. As has been discussed in the earlier 
sections, the response varies from food to food—from the stable pork 
to the sensitive milk. It is expected that preventive treatments may 
not be universally applicable, although freezing and deoxygenation 
have been found generally helpful. Only a constant bearing down 
upon each individual food will uncover the secret for that particular 
commodity. This implies long and painstaking studies on individual 
food items. 

VII. OUTLOOK 


The potential benefits to our country and to peoples all over the 
world from the successful development of the treatment of foods by 
ionizing radiations are great indeed. So are the technical questions 
to be solved before its realization. Through the stout support of the 
President and the Congress, scientists in this country have been able 
to direct substantial effort toward the resolution of the various ques- 
tions. So far, they have been highly successful. Within the brief span 
of the last 3 years, the prevailing outlook in this country changed from 
one of cautious skepticism to optimism. Food processors are predict- 
ing that commercialization of the process will be realized anywhere be- 
tween 5 and 20 years from now. Although there still remain many 
difficult problems yet to be faced, each passing day brings increasing 
confidence in early success. 





pb 
S 
= 
Z 
2 
a 
© 
& 
< 
_ 
° 
MQ 
wy 
M 
~ 
5 
a 
o 
< 
= 
= 


pejueseid Jeded ‘sjsouyyoi1} 04 cdusJejel BTNOTJIVd YILM ‘POo} JO NOIZE PBI BUIUIBS AQ SeSBOSTP O1YJUJUI[eY UBUINY JO UOTJUeAeIg) P[NOD “| ‘Ss pu’ ZlequION “¢ “H Aq popidul0g, 


‘pajoajUy O18 SZ0Y {ev JO JUVOIJed ¢*] SezwIg 
peyuy Ul ‘seejg pewug uy sesdojne usury 
yueoied g] Ul ‘“UBy[OdoUIsOg ‘adoed uolTIU §°2z 

*yue0l0d 
> ‘OO1xepy ‘yuadsed oz ‘vOIIyy YINOg :s%oq ul suep 
-Puy ‘OOTXO;y Ul yUsOJed EZ :UBUT UT STSO0190138A9 JO 
wuepouy ‘yusd1ed oT 0} ZO ‘BISSNY -URUI UT ULIOM 
-odej jo soueppuy “UR yodous0g ‘efdoed uol[iur oz 

“syuaoled ¢ ‘BoLyy YINOg ‘yuUadIed g°¢ 

04 ge ‘puLTOH ‘yue010d 72¢°0 ‘seyeIg peu :2139380 

Ul] sUepPUu, ‘“wUIyO ‘ZuIdjeg Ul peesuT suOosied 
JO yuso2ed gg'9 ‘UB OdOUISOg 9 ‘ejdoed uorIur 6'g¢ 

"893839 Pou JO seye}g AUBUI PUB BpLURD UT! seul 

-WIVU UT PUNO] Used savy soysered y[NpPy “BolleUry 

‘qynog ‘BOLIpy {yUVIGO JO SolIZUNOD Joly}0 ‘eUIGD ‘Bsour 
-10qg ‘slanqoueyy ‘so10y ‘uvders ‘ojdood uoljiu zZ¢ 


‘BsUIGO YN, pus PEnueD ‘ajdoed uoNTIu OT 
*(SUOTJOOJU] MOU JOJ S}SOY I}0A10S01) 
SI1qQqQB1 JO yUD0Jed ZE 04 1% ‘SBxey, UJOY NOS UT :deeys 
Uy JUeOJed gp ‘BISBONBISUBIT, UT :e[}}8o UT yUsOJEd 
zl ‘deeys uy yuedJed 4g BIUOISY Ul OUep}OU, “prom 
Jo svole Zuys}ei-deeys uy ‘uByoOdouIsog ‘etdood 000‘00T 
"poezwoosuy OIG BQO UBL CONV] pus Zodouuy MA OYv’y] uy 
exId pus folsyoid jo yusoled OZ ynOGy “juedled CFT 
Ausy ysuUyy Ul “BIsSy qINOg ‘BIsSy YON ‘By 
jeojdoi yy, ‘edoing ‘“soy10ury GVION ‘efdood uoT][TUI FO 
“ySY MBl ZUT}BO JO WIOJSND JO esNBoed “pejBa 
-N1Pe OY} SB [JOM SB OPBlOpT]TT Ul ‘sno1edsoid 94} pus 
300d 94} Uy yueTeAoId Alfenb “esuTyoOpUy ously, 
‘eo10y ‘BsouLiog ‘vulqgg ‘ueder ‘ofdood uolTTTuI 61 
*uerpTTyo 
Uy yuedJed FP 01 EZ ‘BUIUO ‘ZuUNjUBYEg Ul ‘“UeIplIYO 
uy jusOl0d 09 03 I ‘seIeIg WieqINog sazwVig peiUp 
jo sAeains ul ‘uByjodouIsog ‘ejdoed uolIm FF $49 


UOTINGIjs|p d14dv13002 pu’ sousplouy 





1 poof ybnosy) pasinboo uvu jo sasvasip aryzurmpay quDzLod U2 awmog—*} 


| 


(‘speuryae snos 


-OAlUIBO ‘uBUI “{8Y) “ZO 


(‘ys0q 


Qerpormisezuy st BOF) “uByy_ 


(‘sjsoy 048 
-[POULIazU] oe 9[}38D) “UBT 
(‘s3soq 
OvIpemueju; ele YsyAsso 
40 Geilo put [Teus) ‘s[eumyue 
Joyjo Auvul ‘480 ‘Zop ‘uByy 
(‘ysoy oyeTpeur 


-10]01 SI [feug) “soy ‘ue 


(‘S}soy O}eIpeurse} 
-Ul 18 sireug) ‘“deeys ‘uByy 


(‘ysoy oyeTpoeur 


-19}UT SI USI) 380 ‘Zop ‘UBT 


(‘s}soq 


aeIpeuliejuT ole Ysy pus 
sjieug) “Soy ‘480 ‘Zop ‘uByy 


uvul ‘2077 


qsoy [Bingen 


‘LPGI ‘ Gr:gg ABopoyseswg JO euNos PpIOM AWIONM STYL' 104g “HY ‘N pue 
*““A'N ‘ASoloysBse [eoUT[O JO Yooqyxay, ‘Burppeg ‘] ‘G Ul poureza0o eyep Woy (0Z-g “BNV ‘BAUD ‘AZ1OUW IUIOZY JO SesQ [NJaovag oY} UO GIUAlaUOH [BUO]}BUIEIUT 9} G10JOq 


“S{SOUTYOILY, 


"SeNsst} UT STSOO 


-1001}sA9 ‘uliomede}, ylog 


uLIO Made} Joog 


‘(aqnyg Zunt 
SISBIULOUOZBIB FT 

*(ayny 
[8U]}S9zUT) sIseIsdofoloseg 


[2 U910) 


“(eqn 
JOA, doeys)  s[seljojose 
“*STUIOUB 
snoloiuied Zulj[quies 


“01 juleus wIOMede} YSIA 


(‘eyNy IOATy 


eS9UIyO) ‘“S{seIqoIoU0[D 


(‘eyuournend 
‘usIpiiqo uy uUorljonI4s 
-qO [eUl}se}uy) ‘SIsvlvosy 


uvul UT peonpold osvesiqy 


XIQN@GddV ‘ILIA 


| 
j 


*ys0d | 


pe_ooosepun Jo Mel uysysfo |- 


“@B1IGOIG0R}IUI BUI 
-uje}u0o YsyABI 10 squlO 
‘sjued 1038M 9[qIpe 10 
YR MUI UO IBIIV0I008}0]/T 


*90N}49] ‘Sseld 
-10]8M Ul BLIBdI00 pesfhoug 


“YSy 1078 
-4Sel] Ul BAIR] ploo1900I10[ J 


“asy 


i 
| 


(‘JOS pe OOJUT S] WOTSSTUI 
-SuUBI] JO epoul [edioursg) 
‘Sojqujoz0A MUI Ul BAC 


ueul 
4q poyso3uy yoga Uy 0g 





a1av J, 


sTjeads e[auyqoy.y, 


UIN{[Os BrueR J, 


ey}VUIseS BING, 


TUBOLIO}SOM SNUITUOSEIE J 


1ysnq sisdojopse 7 


vorjedoyg Blopseg 


anys] wnigyoqorAqdiq 


““S{SMaU]s SIYOIOUOIO 


SeploopIquIN] sls y 


UISTUBZIO OATIVSNBH 





202 PEACEFUL USES OF ATOMIC ENERGY 


TABLE 2.—Caloric supply in various countries and 1960 targets * 
cenit nti pnieayemncemennglentipeetmeeenty mre enthy mememonione 
Recent 1960 | 

level target | 


Recent 


Region and country level 


Region and country 
1] 


920 
580 
160 


Belgium-Luxembourg - 880 , , 
Denmark.... aan 120 ] Uruguay 
NO aia ck ns wie 890 || 
Greece__. 630 || Near East: 

Italy -- -- 680 || Cyprus....-.-- 
Netherlands 030 || Egypt 

Se ee coda 190 || Turkey-.-. 
Sweden..._._- 


120 i Far East: 
Switzerland 120 || Ceylon.-. 
U nited Kingdom 120 || India__-- 
5 es oA 


i 

060 || Japan. 
North America: 
j 


rh 


| 
Europe: fi; i| Latin America—Contined 


to 92 po 
Nee 


Venezuela. 


i 


Con 


470 
290 
480 


970 | 
700 | 
100 


pro 
nr 


2 


hr rr 


nono 
BS 
>S 


1 Pakistan 

Canada... , 050 || Philippines_. 
110 || Africa: 

| French North Africa_._..-| 
170 |} Mauritius _-. 
. 470 || Tanganyika. 980 
600 | Union of South Africa. 520 
590 Oceania: | | 
820 Australia _._- : ee 3, 160 
, 420 New Zealand ‘ | 3, 250 | 


960 


920 
230 


t 


United States_- 
Latin America: 
Argentina 


Chile. 
Colombia... -- 
Cuba 

Mexico 


Sener 








DPHHDHNW woo 


1 Data taken from United Nations Food and Agricultural Organization, Second World Food Survey, 1952. 


TABLE 3.—Percentage increases required in gross supplies from their recent 
levels to meet 1960 nutritional targets for various areas of the world’ 


ae 

America | U.s.8.R.| World 
and 
Oceania 


| Africa | Latin 


: le rope 
| America awe 


13 
9 
4 
39 
34 
20 
12 
18 


25 


Pulses : : a | j 56 
Sugar_. : 3: , ‘ : 6 
rene. ::. : . 8 : as 16 
Fruits | | 48 
Vegetables ; ee | 39 
Meat___. : ees oe ‘ 33 | 23 
Eggs... Se oe 38 67 5§ 30 
Fish __. ap a | ) f 75 3 | 
Milk products__- 3: : 41 
Estimated percent population | 
increase by 1960 | 15 | 18 | 


ll 
16 


8 14 


i 
| 
| 
: ; ot 29 | 3 16 16 
Starchy roots- , ; 5 6 : 21 —13 
| 














1 Table taken from United Nations Food and Agricultural Organization, 2d World Food Survey, 1952. 


TaBLe 4.—Laboratories in the United States engaged in research on the irradiation 
of food in 1955 


I, GOVERNMENT 


Argonne National Laboratory, Lemont, Il. 

srookhaven National Laboratory, Long Island, N. Y. 
Dugway Proving Ground, Dugway, Utah 

Food and Drug Administration, Washington, D. C. 
Geneva Agricultural Experiment Station, Geneva, N. Y. 
Materials Testing Reactor Station, Idaho Falls, Idaho 
Medical Nutrition Laboratory, Denver, Colo. 

Nematode Research Labor atory, Hicksville, N. Y. 

Oak Ridge National Laboratory, Oak Ridge, Tenn. 
Quartermaster Food and Container Institute, Chicago, Il. 
Quartermaster Pioneering Research Laboratories, Natick, Mass. 
Western Regional Utilization Laboratory, Albany, Calif. 
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II, INDUSTRY 


American Can Co., Chicago, Il. 

Applied Radiation Corp., Walnut Creek, Calif. 
Continental Can Co., Chicago, LiL 

Electronized Chemical Corp., Brooklyn, N. Y. 

Food Machinery & Chemical Corp., San Jose, Calif. 
General Electric Co., Milwaukee, Wis., and Schenectady, N. Y. 
General Foods Corp., Hoboken, N. J. 

Gordon Foods, Inc., Atlanta, Ga. 

High Voltage Engineering Corp., Cambridge, Mass. 
Long Island Vegetable Research Farm, Riverhead, N. Y. 
National Canners Association, Washington, D. C. 

North American Aviation Corp., Downey, Calif. 

Oscar Mayer Co., Chicago, Ill. 

Phillips Petroleum Co., Idaho Falls, Idaho 

Pillsbury Mills, Minneapolis, Minn. 

Swift & Co., Chicago, Il. 

Reynolds Metals Co., Richmond, Va. 

Vitro Corporation of America, New York, N. Y. 

W. F. & John Barnes Co., Rockford, I. 


Ill. NONPROFIT RESEARCH INSTITUTES 


American Meat Institute Foundation, Chicago, Il. 
Armour Research Foundation, Chicago, IL 

Battelle Memorial Institute, Columbus, Ohio 

Hormel Institute, Austin, Minn. 

Institute of Vitamin Technology, Chicago, Ill. 

Midwest Research Institute, St. Louis, Mo. 

Southern Research Institute, Birmingham, Ala. 
Southwest Research Institute, San Antonio, Tex. 
Stanford Research Institute, Palo Alto, Calif. 
Wisconsin Alumni Research Foundation, Madison, Wis. 


IV. UNIVERSITIES 


Alabama Polytechnic Institute, Auburn, Ala. 
Columbia University, New York, N. Y. 
Cornell University, Ithaca, N. Y. 

Florida State College, Tallahassee, Fla. 

Iowa State College, Ames, Iowa 
Massachusetts Institute of Technology, Cambridge, Mass. 
Ohio State University, Columbus, Ohio 
Oregon State College, Corvallis, Oreg. 
Pennsylvania State College, State College, Pa. 
Texas A. and M. College, College Station, Tex. 
Union College, Schenectady, N. Y. 

University of California, at Berkeley, Calif. 
University of California, at Davis, Calif. 
University of California, at Los Angeles, Calif. 
University of Chicago, Chicago, Ill. 

University of Colorado, Denver, Colo. 
University of Illinois, Urbana, III. 

University of Massachusetts, Amherst, Mass. 
University of Michigan, Ann Arbor, Mich. 
University of Minnesota, Minneapolis, Minn. 
University of Rochester, Rochester, N. Y. 
University of Utah, Salt Lake City, Utah 
University of Wisconsin, Madison, Wis. 





204 PEACEFUL USES OF ATOMIC ENERGY 


TABLE 5.—Dosages of cathode rays lethal to bacteria, molds, and yeasts * 


Organism Dose in reps Organism Dose in erps 
Strep. douches__._.......... 550, 000 
CO, Giphthetee.... dss 450, 000 
BD PORONOBIG tsi ince 525, 000 
a, SNE LL 1, 125, 000 


F.. moniliforme 
. sporogenes S. cerevisiae 
M. pyogenes 


1 Data obtained from paper by B. E. Proctor and S. A. Goldblith, Food Processing With 
Ionizing Radiations, Food Technology 5 : 376—80, 1951. 


TABLE 6.—Acceptable dosages of ionizing radiations for various foods 


Approximate mazi- 
I. Fruits: mum in reps 
Apple juice 1, 000, 000 
Apple sauce 2, 000, 000 
Bananas, whole 150, 000 
Cantaloup 
Cherries 
Currants, black below 1, 000, 000 
Currants, red 500, 000 
rN gcc asses teresa mare ccnmcanech ictus dhs cikidremegpdindde em 500, 000 
Grapefruit 500, 000 
BI cscs ainsnsscetsibsninnin scleral ils aelilaiciantlesnalbcilacdieiicih.. chk ates below 500,000 
a SON O  scnsk chk eeatictd bn Didi eee above 100,000 
Oranges 500, 000 
Orange juice 150, 000 
Peaches, whole 1, 000, 000 
Peaches, sirup 2, 000, 000 
400, 000 
3, 000, 000 
Raisins é 2, 000, 000 
Raspberries 500, 000 
Strawberries 500, 000 
ire ernnes, 2898 ONG SOF owes o below 100,000 
II. Vegetables : 
Asparagus 2, 000, 000 
Beans, green 1, 000, 000 
Beans, lima 50, 000 
Beans, baked 2, 000, 000 
Beans, 800, 000 
Beans, 10, 000 
Broccoli 2, 000, 000 
Coit ctrccicnnkceotseethalcasinst bole dduswddi cuba 2, 500, 000 
Cauliflower 2, 000, 000 
a i th siege dei eg A ees oso tk ance below 250,000 
Cabbage 250, 000 
Coleslaw 150, 000 
500, 000 
50, 000 
Lettuce below 1, 000, 000 
PE pete Sn te Se te Na eee 800, 000 
Potatoes (for sprout inhibition) 
Potatoes, sweet 
Onions (for sprout inhibition) 


Squash 
Tomatoes, whole 
Tomatoes, sliced 
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[1I. Meats: 
above 1, 000, 000 
2, 000, 000 
1, 500, 000 
Corned beef_-. 1, 500, 000 
Chicken 2, 000, 000 
: 1, 000, 000 
2, 000, 000 
1, 000, 000 
2, 000, 000 
2, 500, 000 
above 1, 000, 000 

1V. Fish: 
Codfish cakes 2, 000, 000 
Crabmeat r 120, 000 
700, 000 
Halibut 2, 000, 000 
Mackerel 1, 500, 000 
Sardines, oil 2, 000, 000 
Vy. Miscellaneous: 

Ale and stout 80, 000 
Bread y 500, 000 
Cheese y 100, 000 
1, 000, 000 
300, 000 
500, 000 
100, 000 
1, 500, 000 
Waffles 500, 000 
1 Figures compiled from the literature. There are considerable variations in results from 
different laboratories, with not infrequent contradictions. The values should therefore be 
considered tentative, although genera ay Seqesas® insofar as the range is concerned. They 


do not take into account improvements which —_ result from studies on antioxidants, 
free radical acceptors and other additives and special treatments. 


TaBLE 7.—Hstimates of radiation processing costs using electrons from linear 
accelerators * 


| 
Available model, Proposed model, 
6 Mev. 4 kw. 25 Mev. 60 kw. 


Application 


Pounds Cost per Tons per Cost per 
per hour pound hour ton 


Pasteurizing meat ONG et 
Trichinosis control 0.3 mil___. 
Sterilizing foods ‘ 2.4 cents__. 
Sprout inhibition of potatoes and onions-.. $1 per ton- 
Deinfestation of grains 37 cents 
per ton. 


1 Figures provided by Applied Radiation Corp. If X-rays are used processing rates are to be reduced 
(except potatoes) 4-fold and costs increased 4-fold. 


TABLE 8.—Hstimates of radiation costs for a homogeneous reactor utilizing only 
radiations from fission gases without credit for possible heat or power pro- 
duction * 


Approxi- 
mate proc- 

Product and process 8 toatl cost 
cents per 


Snap beans (sterilization) 

Grain (insect control) 

Canned meat (sterilization) ......-.--.----- 
Fresh beef (pasteurization) 

Potatoes (sprouting control) 


1 Figures provided by North American Aviation, Inc. 
? Assuming a 20-percent efficiency of gamma ray absorption by the product and assuming a 300-day, 
20-hour per day operating schedule. 
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TaBLe 9.—Lstimates of radiation processing costs for inhibiting the sprouting 
of potatoes using waste fission products * 


| Production 
Source of radiation | in bushels | Cost per ton 


Cesium~-137_-..---- . ere hone wae pag 
Mixed fission products (2-year old) --..---- 
Fuel assemblies. - --------- 


1 Figures obtained from University of Michigan, Engineering Research Institute, Progress Report No. 7, 
December 1954. ; 
Production and cost based on dose of 10,000 rep, operating for 16 hours per day and 260 days per year. 


Impact oF Peacerut Uses or Atromic Enercy Wiru ReEspecr to 
Foops AND Druas 


By Pure Food and Drug Administration, Department of Health, Education, and 
Welfare 


The Food and Drug Administration is charged with the adminis- 
tration of the Federal Food, Drug, and Cosmetic Act. This statute 
regulates interstate commerce in foods, drugs, devices, and cosmetics. 
This is therefore a regulatory agency whose scope of activity neces- 
sarily is confined to those types of investigations, including scientific 
and technical research, that enable adequate administration of the 
statute. The Food and Drug Administration is not in a position to 
undertake research for the purpose of developing new products or 
new applications, or promoting the production and use of particular 
preparations or processes. The Administration does have a respon- 
sibility in appraising the products which move in interstate commerce, 
which are subject to the requirements of the Food, Drug, and Cos- 
metic Act, to determine that they are safe and not adulterated or 
misbranded. 

The introduction of atomic energy in industry has many possible 
ramifications and widespread economic and social implications. Any 
utilization in industry may have some effect on foods and drugs. For 
instance, it may well be that any extensive use of atomic energy simply 
as a source of power in industry would have implications bearing 
upon the responsibilities carried by the Food and Drug Administra- 
tion due to problems of disposal of radioactive wastes. For example, 
such wastes entering rivers and streams immediately involve the like- 
lihood of contaminating public water supplies. While this involves 
matters that are of primary concern to the Public Health Service with 
respect to water sanitation, it also involves matters that are of concern 
to the Food and Drug Administration. Food and drug processing 
plants located downstream from atomic waste effluents likely will find 
their water supplies contaminated with the wastes. Such situations 
might result in the introduction of radioactive contamination per se 
in food or drug products manufactured in such plants. It might 
result in the introduction of elements, both daughter products and 
decay products, which ordinarily would not be found to any significant 
extent in the type of food products or drugs prepared in the plants. 
There also is the possibility that radioactive contaminants might react 
with the food or drug products in ways that would adversely affect 
either the identity, utility, or safety of the products. 
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In addition to atomic energy as the source of power for general 
industrial application, there are specific proposed applications that 
directly involve foods and drugs. Proposed applications of radio- 
activity in the production or preservation of food products include 
utilization in the processing of agricultural products. Examples of 
this are the employment of radiation to eliminate or to kill insect 
infestation in food grains and cereal products, the treatment of meat 
products with radiation as a means of partial sterilization or pasteur- 
ization to prolong the “shelf life” of the products, irradiation to steri- 
lize various foods in place of heat treatment, and irradiation of pota- 
toes to inhibit sprouting and to prolong the storage life. 

In the field of drugs and medicines radiation sterilization has been 
widely discussed, and radioactive isotopes are expected to be pro- 
foundly useful in the diagnosis, cure, mitigation, treatment, and pre- 
vention of disease. 


FOOD STERILIZATION AND PASTEURIZATION 


1. It is our understanding that much of the investigational work 
that has so far been done in the irradiation of foods has been by the 
Food and Container Institute, of the Quartermaster Corps of the De- 
partment of the Army. Several years ago, when the Food and Con- 
tainer Institute began studies on preservation of meats by irradiation, 
a committee of the National Research Council was set up to advise 
the military services. Dr. E. M. Nelson of the Food and Drug Ad- 
ministration was a member of the committee and was, in fact, the 
chairman of a subcommittee on nutrition. It was the advice of the 
committee that the procedure of investigation that should be followed 
was, first, to determine how much irradiation was necessary to effect 
preservation of the food; if it were found that the food could be pre- 
served by this means, then the second step should be to determine 
whether there was any change in flavor which would interfere with 
its use as a food; third, it should be determined whether or not irradi- 
ation would result in any change in the nutritive value of the food. 
If it were found that preservation could be attained without destroy- 
ing the product for food purposes because of objectionable flavor 
changes or because of significantly diminished nutritive value, then 
studies should be carried out to determine whether the treatment 
resulted in any toxicity. 

The Food and Drug Administration has endeavored to maintain 
adequate liaison with the Atomic Energy Commission and to keep 
abreast of developments in the application of radiation for food or 
drug use. Our scientific people also have endeavored to cooperate 
in an advisory capacity with laboratories investigating irradiation 
sterilization of foods and drugs. The major laboratories with which 
we have cooperated, the approximate time of the initial discussion 
of the problem, and the nature of the work to be undertaken are listed 
below : 

(a) Swift & Co., Chicago, Ill., in February 1950, concerning 
the surface treatment of lamb carcasses for the control of slime 
during shipment. The American Meat Institute Foundation, 
Chicago, also collaborated. 

(6) Fission Products Laboratories, University of Michigan, 
Ann Arbor, Mich., in July 1952, for a discussion on procedures 
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for evaluating the toxicity and nutritional adequacy of foods 
sterilized with gamma rays. 

(c) Office of the Quartermaster General, Washington, D. (., 
September 1951, on the proper approach for evaluating the 
toxicity and nutritive value of irradiated foods. 

(d) Institute of Food Technology of the Massachusetts In- 
stitute of Technology, Cambridge, Mass., March 1954, for the 
planning of a program of study of the effects of high energy 
sterilization of dried eggs. > 

(e) United States Department of Agriculture, Poultry Prod- 
ucts Division, Western Regional Research Laboratories, Albany 
Calif., December 1953, concerning a pharmacological study on 
radiation sterilized eggs. 

(f) Stanford Research Institute, Department of Biology, Au- 
gust 1953, on the general problem of cold sterilization of foods. 

(g) Atomic Energy Commission, Washington, D. C., ad hoc 
committee to define areas of overlapping authority in the con- 
trol of the use of isotopes in medicine. Food and Drug Adminis- 
tration appointed four members of its staff to serve on this 
committee. 

There have been, of course, numerous subsequent conferences, dis- 
cussions, and reviews of progress reports since the initiation of the 
programs. 

In addition, the Administration has made every attempt to have 
representatives present at scientific meetings dealing directly with 
the problem of irradiation sterilization of foods and drugs. 

Dr. A. H. Holland, Jr., Chief, Division of Medicine, is our formal 
liaison officer with the Atomic Energy Commission. Dr. Holland 
was formerly in charge of research at Oak Ridge and is well ac- 
quainted with the representatives of the Atomic Energy Commission. 
Dr. E. M. Nelson, Chief of our Division of Nutrition, and Dr. A. J. 
Lehman, Chief of our Division of Pharmacology, have been in fre- 
quent contact with representatives of the Department of the Army 
with respect to the investigations of the Quartermaster Corps. We 
have been kept advised of the work conducted by the Medical Nutri- 
tion Laboratory and we receive the quarterly reports of the work 
done in the Denver laboratory and by institutions working under 
contract with the Surgeon General’s Office of the Department of 
the Army. 

2. It is our understanding that present facilities for irradiation 
limit the capacity for irradiated foods to about 1,000 tons per month. 
Increase in capacity is dependent upon technical developments that 
will enable increase in facilities. We are not in position to appraise 
the possibilities of rapidly increasing the necessary facilities. 

Much research has been done by the Quartermaster Corps of the 
Department of the Army in the application of irradiation by gamma 
rays, or electron beams in the preservation or sterilization of various 
types of food products. Obviously, irradiation of foods, as a means 
of preservation, would have wide economic impacts if this process 
should replace heat sterilization or preservation by freezing to any 
appreciable extent. It not only would have a great impact on the 
manufacturing industries but upon the distribution, storage, and mar- 
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keting facilities. There are, however, great technical difficulties in 
this proposed application of irradiation, and more important still to 
consumers and the public generally is the fact that much more infor- 
mation than has presently been acquired on the effects of irradiation 
is needed to appraise the ultimate results and safety of this procedure. 
We feel that any undue urgency or excessive haste in the promotion 
of the use of irradiation or “cold sterilization” in the processing of 
foods for commercial distribution would not be consonant with the 
public welfare unless adequate tests have demonstrated safety. 

The determination of toxicity is a complicated and time-consuming 
operation. It, for instance, involves feeding tests to laboratory rats 
over a period of 2 years; feeding tests to other types of animals; 
laboratory studies of the organs of experimental animals to ascertain 
histological and pathological changes. To undertake toxicity studies 
on all possible applications of irradiation seemed impracticable and 
hence the National Research Council committee suggested that these 
studies be reserved to those applications of the procedure that ap- 
peared to have practical possibilities. 

It is our understanding that studies that have now been carried on 
by Food and Container Institute of the Quartermaster Corps and the 
Medical Nutrition Laboratory of the Surgeon General’s Office of the 
Department of the Army have demonstrated that it is possible to 
destroy the living organisms in many food products by irradiation; 
however, several times as severe a treatment is necessary to destroy 
the enzymes in foods. The treatment that destroys the living organisms 
usually produces changes in the taste and flavor of the food. The 
treatment required to destroy enzymes produces very marked changes. 
The Medical Nutrition Laboratory of the Surgeon General’s Office 
has conducted extensive studies with respect to losses in nutritive 
value induced by radiation. Vitamins A, B,, B., Be, B,,, C, and niacin 
are subject to varying degrees of destruction when exposed to gamma 
rays of an intensity sufficient to sterilize. Some changes in nutritive 
value of a protein have been observed. Studies so far have not demon- 
strated any toxicity of foods that have been irradiated but these studies 
have not been of sufficient duration to permit final conclusions. There 
are indications that changes produced in food by irradiation do have 
some physiological effect. 

3. The problem of atomic radiation of foods may be regarded as a 
segment of the general problem of chemical additives in food. Par- 
ticularly in recent years there have been great technological advances 
in industry that have made for many changes in the preparation, pack- 
aging, and distribution of food products. This has resulted in many 
new kinds of foods, improved preparation and packaging, availability 
of seasonal products over longer periods of the year and in all parts of 
the country. Technological developments also have produced chemi- 
cals that have been used or advocated for use in foods to accomplish 
real or fancied improvements. There are involved here serious prob- 
lems in the adequate protection of the consuming public. The Food, 
Drug, and Cosmetic Act condemns a food as adulterated if it contains 
any added poisonous or deleterious substance unless such substance is 
necessary in the production of the food or cannot be avoided in good 
manufacturing practice, in which case the Secretary is authorized to 
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promulgate a safe tolerance. The burden of proof is upon the Govern- 
ment to establish that an added substance is toxic. With respect to 
many of the new chemicals, information in regard to toxicity is absent 
and hence the Government may not be in position to prevent the addi- 
tion of such a substance to a food product even though it may turn out 
subsequently that it is harmful. 

It is believed that amendatory legislation is needed along lines to 
require that safety of a proposed additive be established before it can 
be introduced into a food product and that its introduction should be 
useful. It may be that special provisions will be necessary to deal 
with the products of atomic energy insofar as their application to 
foods or drugs is concerned. 

Pesticide chemicals have been the subject of a recent amendment 
to the law which does provide a means for establishing safe tolerances 
before residues of such substances can be permitted in food products. 

4. The Food and Drug Administration has no responsibility for 
directly promoting public acceptance of radiation in sterilization or 
pasteurization of foods. Indirectly it could contribute to public con- 
fidence in and acceptance of this technique if it is in position to assure 
that foods so treated are safe and are in no way debased. 

At present our facilities are not adequate to enable us to cope satis- 
factorily with continuing developments in this field. We think that to 
be able to discharge adequately our responsibilities in the enforcement 
of the Food, Drug, and Cosmetic Act with respect to the anticipated 
applications of atomic energy to the food and drug industries will re- 
quire enlarged facilities within the Food and Drug Administration. 
For instance, we should employ additional qualified scientists to devote 
full time attention to various aspects of atomic energy and irradia- 
tion. Such specialists should be provided routinely with reports 
including classified material on developments in this field in order 
that we can keep abreast of developments and the implications thereof. 
Increased laboratory personnel and enlarged facilities would enable 
us to conduct investigations relative to toxicity before processes were 
established commercially and products distributed. When irradiation 
research becomes more extensive in industry and not under immediate 
supervision of governmental agencies such as the Atomic Energy Com- 
mission and Department of the Army, it is not unlikely that the 
Food and Drug Administration may find itself faced with an estab- 
lished practice in a food or drug industry about which we do not have 
sufficient information to appraise its implications as to safety. 

Such facilities might be accomplished in part by contractural ar- 
rangements with the Quartermaster Corps or atomic Energy Commis- 
sion for Food and Drug Administration laboratories to conduct some 
of the nutritional and toxicity studies necessary to round out or com- 


plete their investigations. We also are in need of additional facilities 
to enable us to set up necessary independent investigational programs 
to evaluate, for instance, the effects of the use of radiation in the treat- 
ment of food grains, and in other applications that appear to have early 
practical or commercial applications. No significant improvement in 
our facilities can be realized until substantially increased appropria- 
tions are made available. 
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MEDICINE AND PUBLIC HEALTH 


Under the new-drug section of the Food, Drug, and Cosmetic Act, 
no one may market, in interstate commerce, any new drug until he 
has first filed with the Food and Drug Administration a new-drug 
application containing “* * * (1) full reports of investigations which. 
have been made to show whether or not such drug is safe for use; (2) 
a full list of the articles used as components of such drug; (3) a full 
statement of the composition of such drug; (4) a full description of 
the methods used in, and the facilities and controls used for, the manu- 
facture, processing, and packing of such drug; (5) such samples of 
such drug and of the articles used as components thereof as the Secre- 
tary may require; and (6) specimens of the labeling proposed to be 
used for such drug. * * *”; and until such application has become 
effective. In practice this means that the proposed manufacturer 
must provide us with convincing evidence of the safety of each new 
drug when used as recommended, evidence that his manufacturing 
controls are adequate to establish the identity, strength, quality, and 
purity of the product, the labels he proposes to use with the product, 
and a brochure containing full information for use by physicians, and 
recommending the use of the drug only for those purposes and under 
those conditions of use shown to be safe by the evidence submitted. 

Ali radioactive substances, with the exception of radium, are still 
“new” within the meaning of the Federal Food, Drug, and Cosmetic 
Act. There is a legitimate difference of opinion as to whether they 
are all “drugs.” Certain radioactive substances are now being mar- 
keted as “devices” for external and internal application of radiation. 
No evidence of their safety has been submitted to the Food and Drug 
Administration. It would aid us greatly in our efforts to protect the 
public health if devices intended for use in the diagnosis, cure, miti- 
gation, treatment, or prevention of disease were to be included, by act 
of Congress, under the provisions of section 505 (the new-drug sec- 
tion) of the Federal Food, Drug, and Cosmetic Act. 

At the present time, radioactive isotopes for medical use are pro- 
duced primarily by the AKC at its Oak Ridge plant. They are abhte 
maceutically unrefined and are not warranted to be suitable for drug 
use without further processing. ‘They are distributed by the Atomic 
Energy Commission only to specially licensed individuals, who have 
satisfied the AEC that they are qualified by training and experience 
to handle these substances safely. Most of them are physicists or 
highly specialized research physicians and few of them are experi- 
enced in pharmaceutical manufacturing procedures or in the require- 
ments of the Federal Food, Drug, and Cosmetic Act and how to com- 
ply with them. From the nature of many of these substances which 
lose their radioactivity rapidly, it is essential, if their widespread 
use is to be encouraged, that secondary distributors of pharmaceuti- 
cally refined isotopes should be located in many different parts of the 
country. Itis also essentia) if the full potential of benefits from these 
products is to be obtained that in the course of time they should be- 
come available more and more widely to the average physician. This 
requires more widespread dissemination of knowledge on the subject 
to physicians ; somewhat more detailed labeling with respect to radio- 
logic safety than has been used up to now in the brochures for new 
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radioactive isotopes; and, most important from our point of view, 
better understanding on the part of secondary distributors of isotopes 
as to pharmaceutical procedures and legal requirements for marketing. 

At the present time the Oak Ridge National Laboratory has avail- 
able some 25 different types of radioactive substances for medical use. 
The chief commercial distributor of radioisotopes lists some 19 dif- 
ferent products. Most of these are still in the experimental stage, are 
being distributed only under the investigational label, and are being 
used only in research institutions. A few of them are subject to the 
licensing provisions of the Biologics Control Act and are therefore 
under the jurisdiction of the United States Public Health Service. 
All of the others are considered to be new drugs. New-drug applica- 
tions are effective only for radioactive iodine, which is used for diag- 
nostic purposes in disease of the thyroid, and in larger doses for the 
treatment of certain types of goiter and cancer of the thyroid gland; 
radioactive phosphorus, which is used primarily in the palliative treat- 
ment of certain malignant diseases of the blood; and radioactive col- 
loidal gold, which is used as palliative treatment of certain types of 
far-advanced cancer. There is a new-drug application pending for 
radioactive chromium for the diagnosis of certain hemolytic diseases 
and for blood volume studies. To date, 3 firms hold effective applica- 
tions for iodine, 2 for phosphorus, and 1 for gold. Five others have 
submitted incomplete applications. Perhaps a dozen others are in- 
volved in the secondary distribution of these substances after com- 
pliance with Atomic Energy Commission regulations but without 
compliance with the Federal Food, Drug, and Cosmetic Act. Steps 
are at present being taken to straighten out the somewhat involved 
regulatory situation, and bring all these products into conformity 
with the provisions of the law. Radioactive strontium is being used 
in ophthalmology as a source of irradiation for certain diseases of 
the eye. Radioactive cobalt is being used both as a source of external 
irradiation in various diseases of the skin, including cancer, and in 
such forms as sutures as a source of internal radiation in the treat- 
ment of cancer. As discussed above, these substances have been con- 
sidered by the various manufacturers as “devices” rather than as 
“drugs” and therefore have been marketed without the submission 
of new-drug applications, or any other evidence of safety to the Food 
and Drug Administration. Presumably the AEC has passed on their 
safety. 

It is our feeling that in general the secondary distributors of these 
isotopes have failed to submit complete new-drug applications pri- 
marily through lack of information. Among other things each appli- 
cation is required to include full reports of the investigations made 
to determine whether or not the drug is safe. This includes evidence 
derived from animal studies and case histories of patients treated with 
the drug. There is available a substantial literature including such 
information adequate to establish the safety of the three first-men- 
tioned isotopes and possibly a number of others. Unnecessary dupli- 
cation of work on the part of each individual applicant is involved 
when each must submit separately these reports. It would materially 
assist the industry if some central agency were to accumulate all of 
the basic information relating to the safety of the isotope and submit 
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it as a master file that could be incorporated by reference as a part of 
any application. Each sore is also required to include a de- 
scription of the process of manufacture and control of the new drug. 
Such information to the extent it involves the processing by the AEC 
is available only from that agency and can best be made available on 
behalf of the industry by submission to this Administration as a 
master file for incorporation by reference in applications. Additional 
manufacturing and control operations required to prepare crude 
radioactive materials into dosage forms suitable for manufacturing 
use must be described by each applicant. A centralized agency that 
might advise the industry on suitable production and control proce- 
dures would be helpful to them. Each application is also required to 
contain labeling with brochures furnishing full information for the 
safe use of the drug by physicians. <A centralized agency that might 
furnish the basic copy for such labeling and literature would be help- 
ful to the industry. The only official source of information on radio- 
active safety are several handbooks put out by the National Bureau 
of Standards. These deal primarily with dangers of handling; in 
most cases they do not establish safe tolerances for drug usage, nor do 
they consider nonradiologic aspects of safety. Such necessary infor- 
mation could probably be compiled by the AEC or by one of their 
contractors. 

At present the AEC regulates those phases of the isotope problem 
with which we have not concerned ourselves: the details of manufac- 
turing the raw isotopes, the safeguarding of handlers of these sub- 
stances, and the selection of qualified personnel who may use them. 
When the AKC relaxes its regulatory procedures along these lines, it 
will become necessary for us to assume some of these functions. Spe- 
cifically, if the AEC were to relax its controls, amendments would be 
necessary in any applications involving changed conditions. 

Radiation sterilization of drugs is still in its infancy although it 
has been much discussed. Any drug processed in this manner would 
automatically come under the new-drug procedure. We would re- 
quire evidence to show that no radioactivity was acquired by the drug 
in the process, that the drug was not so altered as to be changed in its 
eficacy, stability, or toxicity, or might not have acquired any other 
undesirable characteristics. Each drug processed in such a manner 
would have to be considered as a separate and individual problem. 


SUMMARY 


Certain positive legislative steps seem essential to provide the Food 
and Drug Administration with adequate facilities to safeguard the 
public health and safety with respect to the impact of atomic energy 
in the fields of foods and drugs. As previously mentioned, strength- 
ening amendments to the Food, Drug, and Cosmetic Act are needed to 
provide adequate regulatory authority; and substantial increases in 
appropriated funds are essential to provide adequate personnel and 
facilities. 

We must acquire a group of well-versed personnel either working as 
a team within one of the established technical divisions or set up as a 
separate organizational entity, whose sole concern will be the interpre- 
tation and integration of highly complex radiation data into the 
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Food and Drug Administration’s overall program. We must obtain 
funds adequate to employ such a group, to equip them and establish 
a working relationship with the AEC on a full Q clearance basis with 
routine distribution of all classified biology and medicine reports. 
The group must be sufficiently competent so that they themselves can 
undertake or consider to be undertaken specific check-point experi- 
ments aimed to confirm, reject, or evaluate information upon which we 
will have occasion to pass judgment. In addition, the group should be 
so constituted that they can function as staff assistants for our field 
operations programs whenever and wherever needed, as for example, 
in the west coast fish-monitoring operations and, more important, 
whenever in the future an accidental release of radioactive materials 
into the public domain occurs. It is not too early for us to undertake 
routine radiation assays of food products in commerce to establish 
what we presume to be the current known contamination baseline 
(background) or chart for individual foods. Already there are sev- 
eral instances of known localized contamination of agricultural prod- 
ucts, to date not too serious. In the presence of an expanding atomic 
energy program, however, we will be required to devote more time, 
manpower, and money to this aspect of the public health protection. 

In response to an invitation to comment on proposed regulations 
dealing with the licensing of production and utilization facilities, 
special nuclear material licensing and the safeguarding of restricted 
data, the Food and Drug Administration under date of May 9, 1955, 
addressed a memorandum to Mr. Harold B. Siegel, assistant to the 
General Counsel, Atomic Energy Commission, which stated: 

We have reviewed the attachments to the letter of April 27, 1955, which was 
received from K. D. Nichols, General Manager of the Atomic Energy Commission. 

1. In view of the potentially harmful and far-reaching effects of the atomic 
energy programs on the Nation’s food supply we believe it desirable for the Atomic 
Energy Commission’s proposed regulations to carry a succinct statement to the 
effect that the holder of an Atomic Energy Commission license for nuclear ma- 
terials is in no way lifted from the provisions and requirements of the Food, 
Drug, and Cosmetic Act. 

2. Section 50.33, paragraphs (a) and (b), provide that an application contain 
a description of the processes and a description of the facilities respectively. 
In both instances it seems appropriate to provide some means for Food and Drug 
Administration access to this information on a continuing basis. Whether or not 
such access should be available before the license application is originally ap- 
proved by the Atomic Energy Commission, as well as after its approval, is a 
matter for further consideration. 

3. Section 50.34, paragraph (e), provides for a description of plans for pro- 
posals in the event that acts or accidents occur which would create hazards. It is 
felt advisable to not only request access to such information but to specifically 


provide for immediate notification of the Food and Drug Administration if and 
when it is necessary to invoke the operation of any such plans. 
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INTRODUCTION 


This report is a preliminary survey on the present status and future 
prospects for application of nuclear energy for propulsion of com- 
mercial service vessels. This report is prepared in response to the 
request from the Panel on the Impact of the Peaceful Uses of Atomic 
Energy. 

The Office of Ship Construction and Repair, Maritime Administra- 
tion, United States Department of Commerce, has conducted coordi- 
nated efforts for some time to evaluate the application of nuclear pro- 
pulsion for merchant ships of various types and classifications. 

From a general point of view, nuclear propulsion for commercial 
service vessels appears to be entirely feasible. There is nothing about 
nuclear-power equipment which precludes its use on shipboard. Its 
weight and volume requirements are reasonable, its effect on trim, 
stability, and hull strength can be met in design, shielding, and safety 
needs can be handled, no major changes in general arrangement need 
be made, and ease of conversion to conventional machinery could be 
provided. Reliability of operation appears to be entirely satisfactory 
based upon present-day technologies and is subject to continued im- 
provement as reactor technology becomes more firm. 

From an operating point of view, a nuclear plant in a ship is entirely 
practicable. Maintenance of the nuclear plant, as well as the turbo- 
machinery in conjunction with the nuclear reactor, appears to be 
within the reasonable practices of merchant shipping. 

In the present state of art of nuclear technology, the equipment re- 

quired for nuclear reactors and components weighs considerably more 
than the conventional components, providing fuel-oil storage is 
neglected. This holds true over the entire range of horsepowers found 
on shipboard today. 
Estimates of capital requirements for ships employing nuclear re 
actors are presently higher than ships employing conventional steam- 
generating equipment. Such differences in capital requirements will 
probably persist for some time until specific programs of development 
permit reduction of mass-to-horsepower ratios within reasonable 
limits of conventional steam-generating equipment. 

The fuel-oil costs in a high-powered conventional ship run into 
millions of dollars over the life of the vessel. The potentialities for 
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reductions of costs of nuclear fuels offer great promise for economical 
operation of nuclear-powered ships. 

Aside from costs, present-day fuel requirements of oil reduce the 
payload capacity by a significant percent, particularly in high-pow- 
ered ships on long trade routes. ‘The increase in payload capacity is 
a major and immediate source of benefit accruing from nuclear power. 
The greatest gain would of course be in the case of cargoes having high 
value per unit volume. 

In addition, the handling of fuel oil presents chronic problems in 
conventional ships. Long fuel-oil lines, pumps, heating equipment, 
bunker and settling tanks can all be eliminated. Troubles experi- 
enced by corrosion, cleaning, and ballasting of bunker tanks would 
no longer exist. The problems of trim and stability which arise as 
fuel is consumed in a conventional ship would become nonexistent. 
The problems of radioactive contamination, which might arise in 
nuclear ships, should be no more severe than the problems which 
are presently encountered when repairs are made in or near fuel-oil 
facilities. 

The costs of crew are of paramount importance in ship-operating 
economics. The costs of labor are one of the largest single operating 
expenses. The studies which have been conducted to date indicate 
that there seems to be no reason to believe that a nuclear plant should 
require eventually any more crew members than a conventional plant. 
This statement should be qualified, however, until such time as 
nuclear-powered merchant ships have been demonstrated fully. Ini- 
tial merchant ships employing nuclear power would, of necessity, 
require higher crew costs than are presently encountered in conven- 
tional ships. One of the major problems of initial costs for crew is 
the training program essential so that ships may be provided with 
competent qualified personnel, experienced in nuclear technology. 
Aside from the fact that the cost of labor is a large item, the magni- 
tude of construction and other operating costs is such that where 
appreciable savings can be effected they will have a very significant 
effect on shipping economics. 

To derive the maximum economic benefits from nuclear-energy 
sources, vessels for merchant ships must be designed to suit the modi- 
fied requirements. Only detailed, complete, economic data and analy- 
ses can provide the optimum combinations of characteristics. 

Based upon present-day nuclear technology, it appears that a 
nuclear-powered ship will show greatest economic advantage when 
compared with conventionally powered vessels meeting most of the 
following requirements: 

Long trade route. 

Quick turn-around in port. 

Dense cargo in unlimited supply. 

Large deadweight capacity. 

Relatively high power, minimum shaft horsepower about 
20,000. 

Round-trip bunker fuel taken on at same port as payload. 

Payload carried both ways. 

Regularly established home port on at least one end of voyage. 

Arrangements such that advantages are to be gained through 
elimination of uptake and/or smoke nuisance. 

Cargo may be utilized for secondary nuclear shielding. 
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From an inspection of the above list of criteria, it is apgenen that 
nuclear power as known today should be most feasible from an eco- 
nomic viewpoint on the classes of ships which have long trade routes 
and operate at relatively high speeds. Some of these ships which have 
these characteristics are— 

Tankers. 

Combination ore and oil carriers. 

Ore carriers. 

Any vessel in the proper horsepower range having high utility. 

The dry-cargo freighters fail to meet most of the above-mentioned 
requirements. Such dry-cargo freighters have slow port turnaround, 
their cargo is frequently limited and relatively light, their size and 
speed is normally held down by limits on available cargo. 

Thus, the application of nuclear power for these types of vessels 
can be achieved only through long-range plans of development, eco- 
nomic analyses, technical improvements, and demonstrations. In 
other words, dry-cargo ships will, if ever, approach economic feasi- 
bility only after the above-listed types have proven successful and 
reactor development has progressed far beyond its present status. 
Though there are no special types of commercial ships known today 
which have failed to reach development due to uneconomics of con- 
ventional marine machinery, it is possible that future nuclear reactor 
developments could introduce merchant marine services not now in 
existence. 

As a result, the general aims and objectives of the Office of Ship 
Construction and Repair have been to determine whether or not it is 
practicable to select a nuclear reactor for merchant ship propulsion. 
In many cases the nuclear reactor is considered to be a substitute steam 
generator for conventional oil-fired boilers. In order to achieve the 
general aims and objectives in a minimum period of time, it has been 
deemed advisable to approach the problem from several viewpoints. 


Review and analyses of nuclear reactors 

Many different types of nuclear reactors are presently conceived. 
The types are in various stages of research, development, engineering 
study, design, construction, and operation. The state of art is such 
that it is not possible to select readily a given type that meets all 
conditions of optimum ship operation. 

The Office of Ship Construction and Repair has examined the great- 
est number of promising power reactors. The end result of such 
examinations would be to select the reactor which can be installed in 
a ship and will demonstrate performance, prove reliability, establish 
safety needs, and achieve economic operations expeditiously within a 
minimum period of time. 

Analysis of ship turbine equipment 

The present state of nuclear technology does not permit production 
of energy in the form of steam which meets the requirements of the 
most up-to-date steam-turbine equipment. This is due to the limita- 
tions of materials of construction and the maximum achievable operat- 
ing temperatures in present-day reactors. At present a reactor in a 
ship cannot generate superheated steam comparable to that produced 
by present-day shipboard boilers. Thus the turbine equipment for a 
ship must be designed to operate at saturated steam levels in the range 
of pressures from 400 to 600 pounds per square inch. 
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Auwiliary power generation 

When employing nuclear reactors in a merchant ship, power is 
required to start the reactor and auxiliary power generation from the 
reactor must be provided for operation of a given merchant ship at 
port. Thus a new problem in power generation for these purposes 
becomes a necessary program of study. 


Steam generation 


The saturated steam generated from the nuclear reactor is dependent 
upon heat exchanger equipment or from steam generated directly 
from the reactor. It therefore becomes necessary to evaluate heat 
exchange equipment for steam-generating purposes, deentraining de- 
vices, as well as to examine the turbomachinery with regard to nuclear 
and radioactive properties existent or potentially existent in steam 
generated from a nuclear device. 

Shielding 

A major problem in a ship employing a nuclear reactor for propul- 
sion consists in optimum selection of radiation shielding and materials. 
Neutron shields are dependent upon reactor types. Several possibil- 
ities of gamma shields such as cargo shields, fluid shields, and struc- 
tural shields, require careful investigation. 

Overall ship design 

In considering a nuclear reactor for a given ship, it becomes necessary 

to integrate the requirements of the nuclear machinery with those of 


the rest of the ship to obtain maximum advantage of nuclear power 
without sacrificing operational functions. 


Adoption of conventional practices 

Insofar as it is possible, it is desirable to adopt conventional prac- 
tices of merchant ships and observe the essential regulations of mer- 
chant ships under the United States flag. Where departures or 
exceptions become necessary, efforts are needed to identify those areas 
requiring attention. 
Health and safety 


The introduction of nuclear reactors to merchant ships adds the 
hazards of radiation. The Maritime Administration 1n conjunc- 
tion with the United States Atomic Energy Commission must conduct 
evaluations of reactor and nuclear safeguards in order to assure safe 
operation for merchant ships under all conditions at sea, at port, and 
in drydock. In addition, there are requirements established by the 
United States Coast Guard, American Bureau of Shipping, and the 
United States Public Health Service. 

Thus, the Office of Ship Construction and Repair, Maritime Ad- 
ministration, believes that programs must be instituted now along two 
general lines, as follows: 


Construction and operation of merchant ships employing nu- 
clear power with present-day technology. 

Establishment of long-range programs for employing new and 
more promising types of nuclear reactors in merchant ships meet- 
ing all of the requirements of commercial service vessels. 
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It is hoped that this summary report of progress and predictions 
will be of value to the Joint Committee on Atomic Energy in co- 
operating with the Maritime Administration so that expedient util- 
ization of nuclear energy for merchant ships can be achieved. 


PRESENT STATE OF NUCLEAR PROPULSION FOR SURFACE SHIPS 


Since the development of nuclear power for many applications is 
proceeding at a rapid pace and with a number of different technical 
approaches simultaneously, the Office of Ship Construction and Re- 
pair has considered it essential to evaluate the applications of nu- 
clear power for a merchant fleet program. 

The results of engineering evaluations and studies indicate that 
nuclear energy for merchant ship application is technically feasible, 
and that it is safe to construct and operate merchant ships powered 
by nuclear reactors with presently known technologies. It is also 
considered important for long-range applications and ultimate com- 
petitive economics to give continuous consideration to new re- 
actors under development, design, construction, and operation. 

It is believed that economic consideration can be determined and 
evaluated with accuracy only after construction and operation of 
several ships, which have paralleled the construction and operation of 
ships employing conventionally oil-fired steam-generating equipment. 
Consequently, an immediate program of construction of nuclear- 
powered merchant ships is essential as well as undertaking studies of 
those types of reactors which will permit raising energy levels com- 
parable to the requirements of turbomachinery now employed in mer- 
chant ships. ‘Thus, a design and construction program must be coupled 
with concepts that permit maximum flexibility so that continuous im- 
provements and new developments can be incorporated into the ship- 
building program. 

For purposes of merchant-ship application, the development of 
nuclear power generating devices alone will not suffice. Engineering 
and development must be conducted continuously to insure the devel- 
opment of nuclear power which can be coordinated and applied suc- 
cessfully to a given ship design and construction program. It is 
believed possible to proceed immediately with a number of different 
programs for the engineering, design, construction, and operation 
without encountering great risks of obsolescence. 

In giving consideration to the present states of technology applica- 
ble to merchant ships, the following questions arise: 

Whether any known reactor system can be shown to be tech- 
nically and economically feasible to compete with present methods 
for power generation. 

Whether sufficient technology exists today to begin construction 
and operation of nuclear-powered commercial ships. 

Possibilities of different reactor systems. 

Considerations of nuclear reactor equipment, shields, turbo- 
machinery, and so forth, for ships of various sizes and operating 
conditions. 

In giving consideration to present-day technology of nuclear reac- 
tors, the Office of Ship Construction and Repair has surveyed a num- 
ber of different reactor types which potentially have application to 
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merchant ships. Some of these reactor types are in operation, some 
are in testing and development, and others are new long-range con- 
cepts. A brief discussion of these reactor types is presented. 


Pressurized water system with heat exchanger 

Pressurized water reactors are the first type to achieve operations 
of proven nature. The submarine thermal reactor—the Vautilus—is 
of this type. 

Pressurized water reactor systems are of the heterogeneous type 
operating in the thermal range of neutron energies. They may be 
highly enriched with uranium 235, or partially enriched with uranium 
235 in uranium 238. If natural uranium were to be used as fuel, 
heavy water would be required as a moderator in place of light water. 

The reactor fuel is composed of solid fuel elements. For highly 
enriched reactors, it is necessary to design the fuels for the specific 
power so that extended surfaces for heat transfer are provided. Fuel 
elements of the plate type are common for highly enriched reactors. 
The plates are of the sandwich type. The meat of the sandwich is 
the active fuel—either pure or diluted with an inert material. The 
bread or cladding is a metal such as zirconium or stainless steel. 

Figure 1 indicates the basic components of a closed loop circulating 
water heterogeneous reactor. Water at high pressure—2,000 psig— 
at temperatures approaching saturation is circulated by means of a 
pump through a high-pressure vessel in which the reactor fuel is 
located. The thermal fission energy is removed by the circulating 
water. The circulating water flows through a heat exchanger which 
serves as a steam generator. Feed water is transferred to the heat 
exchanger, steam is vaporized. Steam conditions may approach 600 
psig saturated steam. The steam flows to a turbine generating power. 

Control of the reactor is sustained by positioning control rods which 
serve as poisons absorbing neutrons. 

Table I presents data on the pressurized circulating water for 
propulsion. 

The PWR is a pressurized-water reactor designed by Westinghouse 
Electric Corp. for the Duquesne Light Co., of Pittsburgh. This 
reactor uses partial enrichment of natural uranium as fuel. 

The core of the PWR will generate about 300 megawatts of reactor 
heat which will be transferred to a heat exchanger by circulating 
water at 2,000 psig at a temperature of 525° F. The heat exchanger 
will produce saturated steam at 600 psig. The steam will flow to a 
steam turbine which is expected to generate a net electrical output of 
60,000 kilowatts. 

A second type employing circulating water for the removal of 
reactor heat for power is a modification of the materials testing reactor 
developed by Oak Ridge. This power producer has substituted UO,— 
stainless steel plate elements. Table II presents data on this type of 
reactor. 


“Boiling water” reactor 

A modification of the circulating water type of heterogeneous reac- 
tor is the “flashing” or boiling water type. This type is illustrated 
in figure 2. Recent developments have overcome some of the prob- 
lems and resolved certain unknowns. . For application of this prin- 
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ciple to packaged power in remote location, high enrichment is fa- 
vored when considering this type of reactor application. Where 
plutonium production is of value, partial enrichment appears desir- 
able. In this system the turbine must be shielded. 

Data for the partially enriched type is given in table III. The 
Nuclear Power Group is proposing the construction of this general 


type for generation of 180,000 kilowatts of electrical power. 

; Hable IV presents another type of heterogeneous water reactor. It 
is to be noted that this development considers supercritical water at 
pressures approaching 5,000 pounds per square inch gage. Such a 
reactor is very compact and has no phase change of the working fluid. 


Aqueous homogeneous reactor 

Developments by Oak Ridge have pursued intensively a program 
for aqueous homogeneous reactors. In a homogeneous reactor, the 
fuel uranium or thorium is dissolved in an acid solution of water, 
forming a salt-urany] sulfate. The solution is transferred to a criti- 
cal geometry in which fission takes place. From the reactor the solu- 
tion flows to a heat exchanger where the heat is transferred to a second 
loop generating steam. Thus, nonradioactive steam is generated 
(see figure 3). It is possible to think of a homogeneous reactor which 
directly boils water from the reactor. Such a system, however, neces- 
sitates shielded turbines. 

Table V presents pertinent data for the homogeneous reactor 
experiment. 

The aqueous homogeneous reactor has interesting possibilities for 
a small, compact packaged powerplant, as a converter reactor for 
production of plutonium and large amounts of power, and as a thermal 
breeder when using a thorium-uranium 233 fuel cycle. 


Liquid metal reactors 

In principle there are two general types of liquid-metal reactors— 
heterogeneous and homogeneous. Liquid-metal reactors may be 
highly enriched compact reactors for propulsion and packaged power 
generation. They may be partially enriched converter reactors, or 
the core blanket type for “fast” breeding. 

Heterogeneous-liquid-metal reactor—The general principles for 
heterogeneous molten metal reactors are given in figure 4. 

Liquid metal which may be sodium-lithium, sodium-potassium eu- 
tecties, or molten salts of metals is circulated through a reactor vessel 
containing a critical core of heterogeneous fuel. The circulating 
molten metal removes the fission heat and circulates through a steam 
generating heat exchanger. Oftentimes, it is considered advisable 
to interchange the heat between radioactive molten metal with non- 
radioactive molten metal in the form of an added loop to assure that 
steam generated will be “cold.” 

The data for the fissioning type of molten metal reactor is given in 
table VI. This type is of particular interest for mobile reactors. 

From the viewpoint of producing sizeable quantities of power and 
fissionable materials, molten metal reactors are of particular interest 
since they are capable of “breeding.” The first successful work in 
this direction was the development of Argonne National Labora- 
tories’ experimental breeder reactor. This reactor has a small core of 
either uranium 235 or plutonium 239 surrounded by a breeder blanket 
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of natural or depleted uranium 238. The core contains no moderat- 
ing material because in order to breed, it is essential to maintain the 
neutrons in the fast energy spectrum. 

Liquid metal homogeneous reactor.—A promising high temperature 
reactor developed by the Brookhaven National Laboratories offers 
promise for the production of energy for many uses. 

This concept offers promise as a fissioning reactor for generation of 
power at high levels of energy in a small compact unit. 

It possesses characteristics for production of uranium 233 from 
thorium as a “breeder”—power generated. 

It offers potentialities for providing energy at desired levels for 
chemical reaction. 

Coupled with closed-cycle gas turbines, it offers promise of a highly 
efficient, compact, mobile power unit. 

‘he general flow system is given in figure 5. This indicates a bis- 
muth-uranium solution for the core. The solution is circulated con- 
tinuously through critical geometry where fission takes place. The 
heat exchanger, an inherent part of the loop, provides means for gen- 
eration of steam; heat sredialer to a closed-cycle gas loop; and means 
by which radiation and thermal energy can be utilized for endother- 
mic reactions. 

By surrounding the core with a thorium-bismuth slurry, circulat- 
ing, the system offers promise as a simple breeder. 

Technical data available for this reactor development are presented 
in table VII. 

Closed-cycle gas-cooled reactor—The United States Atomic Energy 
Commission and others have considered closed and open cycle gas tur- 
bines in conjunction with a reactor system. An example of such a 
system is indicated schematically in figure 6. 

This system offers distinct promise for high temperature reactor 
operation when construction materials appear to be the limiting con- 
dition. 

Studies have indicated in closed cycle, high temperature-pressure 
operation that overall efficiency in excess of 40 percent can be achieved. 
Application of the gas cooled reactor appears te offer good promise in 
mobile units for land, sea, and air. 

Data on this reactor type are presented in table VIII. 

Organic liquid moderated and cooled reactor.—Another possible 
reactor system would be to employ radiation resistant organic materials 
for coolants and moderators. 

One such development study consists in evaluating terpheny] as the 
organic fluid. 

Technical data are given in table IX. 

In giving consideration to these various reactor designs and con- 
cepts, it should be pointed out that proven reactors are essentially 
limited to the type which is employed in the STR Nautilus submarine 
reactor. It should be further borne in mind that little or no work 
has been done in engineering or technical development, and that no 
nuclear powered merchant ships are currently under development, con- 
struction, or operation. Consequently, final data regarding any of the 
costs, performance, specifications are “order of magnitude” estimates 
and are based upon the best currently available information. 
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In this rapidly advancing field, the discussions which are presented 
will require qualifications from time to time as further information be- 
comes available. 

In giving consideration to nuclear reactors for commercial ships, 
the following may be of value to the Panel of the Impact of the Peace- 
ful Uses of Atomic Energy in lines indicated to their attached terms 
of reference dated August 4, 1955. 

Asa result of the studies which are conducted to this date, the present 
state of nuclear propulsion for commercial surface ships has involved 
technical and economic feasibility studies in conjunction with design 
and cost studies for the construction of such ships. The only cur- 
rently operated nuclear powered seagoing craft is of military nature. 

It is expected that improvement and simplifications arising out of 
the program of the Office of Ship Construction and Repair will result 
in more economical methods for reactor construction and operation. 
Methods of achieving long uses for given fuel installations with sim- 
et nt are necessary requisites to achieve economical nu- 
clear fuels. 


SUMMARY OF PRESENT TECHNICAL AND ECONOMIC LIMITATIONS OF NU- 
CLEAR PROPULSION IN SURFACE SHIPS 


For the range of potentially applicable nuclear reactors and the 
range of ships requiring examination and evaluation, it is not possible 
at the present writing to present a complete summary of all of the 
factors which are limiting in applying nuclear energy for propulsion 
in commercial surface ships. Certain studies have been conducted 


along special lines and for special types of ships from which certain 
conclusions might be drawn. 

Chiefly, in giving considerations to special cases, the Office of Ship 
Construction and Repair have recognized two general areas. 


Technical limitations 


The technical limitations for nuclear reactors in merchant ships are 
primarily concerned with achieving high-temperature operations in a 
nuclear reactor. Present nuclear technology has temperature limits 
between 500 and 600° F. Because of this temperature limitation, tur- 
bomachinery for merchant ships must be reexamined so that they can 
operate economically within the temperature limits and operating 
characteristics of present-day nuclear technology. To overcome the 
technical limitations of optimum energy levels, programs for develop- 
ment of materials of construction, nuclear data at high temperatures, 
safety, and so forth are needed. In the event it were possible to over- 
come the limits of present-day energy levels, merchant shipping pro- 
grams could give consideration to employing highly efficient steam tur- 
somachinery as well as closed-cycle gas turbines. 

Since the weight of nuclear reactors and associated machinery is 
greater than the weight of conventional oil-fired steam generating 
equipment and turbomachinery (not including fuel) reactor develop- 
ment in conjunction with ship machinery is required to reduce the mass 
per unit pater: This can be achieved by giving consideration 
to reactor development programs that permit operations at high levels 
of energy, maximize shielding conditions for a given ship’s design, 
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and minimize control requirements in essentially self-regulating nu- 
clear reactors. One of the princ ipal advantages of a nuclear plant em- 
ploying a closed cycle gas turbine is the large reduction in the mass of 
the rotating machinery which is made possible. 


Economic limitations 


Present considerations of nuclear reactors for merchant ships have 
indicated that there are two areas of costs which presently impose eco- 
nomic limitations on competitive merchant ships employing nuclear 
reactors. 

The first condition examined indicates that present-day technology 
would require capital expenditures significantly more than capital 
expenditures experienced for conv entional steam- generating, oil-fired 
equipment. In giving consideration to costs of operation, the areas 
which presently limit nuclear- pen ered ships competing with conven- 
tional ships lie in costs of nuclear fuels, initial costs experienced for 
training programs of crews, special safety precautions which must be 
given consideration in the first ships, special maintenance problems 
associated with remote handling techniques, and careful examination 
of time at sea as compared to time at port as a function of nuclear- 
reactor operations. 

Some examples of comparisons between specific aspects of nuclear- 
and oil-fueled ships might be cited to indicate the technical and eco- 
nomic status of nuclear-powered ships with presently available 
technology. 


Examples of technical and economic problems for a tanker 


Consider a 20,000-shaft-horsepower tanker operating on a Middle 
East run propelled by nuclear power. Studies indicate that by adopt- 
ing vigorous programs of engineering to available technologies, it 
might ‘be possible to reduce the capital costs per shaft horsepower to 
about $850. Present- day capital costs for conventional ships in this 
horsepower range are approximately $450. In giving consideration 
to the costs of nuclear fuels for a 20,000-shaft-horsepower tanker, con- 
siderable speculation is involved at this time. 

Depending upon metallurgies, technologies of fabrication, and types 
of nuclear fuels used, a range of fuel costs have been estimated. It is 
indicated that this range is somewhere between $600,000 per year to 
$4 million per year. By the building and operating of merchant ships, 
it is believed that the lower figure can be approached within a reason- 
able period of time. The higher cost represents a present STR-type 
reactor core, the .cost of which it is anticipated can be substantially 
reduced. 

Types of ships 

A brief review of the types of ships which would be economical under 
conventional propulsion or under nuclear propulsion in competitive 
commercial trade should be premised upon a review of all economic 
factors involved in such a comparison, as well as comparison of the 
capital and operating costs of the propulsion machinery. If reductions 
in capital and operating costs of nuclear-powered merchant ships can 
be achieved, nuclear propulsion might have a competitive advantage 
over conventional propulsion for many types of ships. 
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Under present considerations it appears that those types of ships, 
which have a high percentage of time at sea and can fully convert any 
savings in weight and space into earning capacity, possess the immedi- 
ate opportunities for demonstration of significant reductions in capl- 
tal and operating costs. Certain studies conducted by the Office of 
Ship Construction and Repair indicate that the types of ships are 
generally from 20,000 horsepower up. An example studied is a tanker 
whose time at sea is about 87 percent. In this case, it is indicated that 
cost factors might be felled within a period of 5 years so that they 
are no more than the costs which will be experienced by conventional 
ships. 

With the recent national realization that nuclear power for 
merchant ships is feasible and that the problem is basically an economic 
one, it appears proper to recommend the construction of specific ships 
with nuclear-powered plants. Several of the reasons for the construc- 
tion of commercial types of ships with nuclear power can be listed as 
follows: 

A nuclear reactor can best demonstrate its economic feasibility in a 
properly selected and designed merchant ship. 

The operation of 2 identical merchant ships, 1 having nuclear pro- 
pulsion and the other having conventional steam-generating equip- 
ment, affords direct economic comparisons. A complete evaluation of 
all factors would be available without the difficulty of introducing 
economic adjustments necessary when comparing two dissimilar ships. 

The mobi tention potential of a nuclear ship will be considerably 
greater due to increasing cruising radius and cargo-carrying capacity. 

There will be an opportunity of developing a different type of a 
nuclear reactor. 

There will be complete control of commercial operation, permitting 
all interested governmental agencies and private shipping lines to 
receive pertinent operating information. 

In giving consideration to the present technical and economical 
limitations, the following information is presented in line with the 
request and terms of reference submitted to this office, August 4, 1955. 
Dockside facilities for nuclear-propelled surface ships 

Specialized dockside facilities required for nuclear-propelled surface 
ships can consist essentially of installations at dock which permit the 
removal of nuclear fuels from a reactor in the ship so that such fuels 
can be removed by remote techniques and placed into a suitable shield- 
ing cask for transportation to fuels recovery and processing plants. 
The analysis and design of special dockside facilities for this purpose 
is a problem requiring careful design considerations, maximum utili- 
zation of present information, and economic considerations involving 
allowable time at port as a function of a given nuclear-fuel cycle. . 
_ Based upon certain studies which are preliminary in nature only, 
it appears that an installation for removal of nuclear fuel at a dock 
might be built at a capital investment falling somewhere between 
800,000 to $700,000. On the assumption that nuclear-powered vessels 
might use such a dock for loading a number of different fuels from 
different ships in a given year, estimates of cost for such unloading 
appear to be within reason. 
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Dockside facilities must be designed for health and safety as wel] 
as to achieve an unloading time somewhere between 6 and 48 hours. 


Characteristics of a nuclear reactor in a ship as compared to a nuclear 
reactor for a central station facility producing electricity 


It does not appear that there is anything inherently different from 
a technical viewpoint which requires substantially different methods 
from those required for nuclear-powered generating stationary plants. 
However, certain specific problems arise that are peculiar to surface 
ships. Some of these are as follows: 

Pitch and roll of ships. 

Shock problems, but not to the same degree as in a combatant 
ship. 

Dockside unloading facilities. 

Variabilities of reactor operation subject to various speeds of 
a Ship, that is, controls. 

It is not possible to resolve all of these problems without giving 
careful detailed analyses as programs proceed. It should be remem- 
bered that health and safety are more prominent in the considerations 
for a central-station facility. 


Significance of capital and operating costs for commercial surface 
vessels 

It is essential that the United States merchant fleet take every 

opportunity to reduce both construction and operating costs as well 

as maintain technical superiority. Although a major portion of oper- 

ating costs is labor, it is nevertheless essential to make all possible 


reductions in other factors. Of the total annual > expense of a 


conventional 20,000 SHP tanker, fuel and capital charges amount 
to about 60 percent of which capital is 35 to 40 percent. It should 
be recognized that while nuclear propulsion may not reduce fuel 
costs below conventional-type ships, its great advantage will be to 
considerably increase the earning capacity of selected-type ships. 


EXAMPLES OF COMPARATIVE CHARACTERISTICS OF NUCLEAR AND 
CONVENTIONAL SHIPS 


One of the examples of application of nuclear propulsion to com- 
mercial ships is the installation of a nuclear reactor in a tanker. 
It appears that a tanker offers considerable promise in taking maxi- 
mum advantage of nuclear energy. The following points have been 
given consideration. However, it should be noted that basically there 
are no differences in ship characteristics between conventional and 
nuclear-propelled vessels because speed and ship form are directly 
related to horsepower. 


Time at sea 


A tanker spends a greater proportion of time at sea than any other 
type of commercial ships, averaging about 80 percent of the total time. 
In general, the more time a reactor can be operated at normal load, 
the better is economic position as compared with conventional marine 
machinery. The tanker is at sea a greater percentage of the time 
and has the distinct advantage over other types of ships in this respect. 
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Shielding 

In a tanker, machinery is installed aft which should ease the 
shielding requirements since the reactor can be well separated from 
other shipboard work areas. The amount of specific shielding material 
needed can also be decreased by utilization d cargo oil as a secondary 
shield, or a part thereof, when the ship is under full load. Possibili- 
ties exist to replace some of the cargo oil with salt water so that a 
total or partial secondary shield would be available for a return trip. 


Increased cargo capacity 


The weight of a nuclear powerplant is about equal to, or somewhat 
less than, the combined weight of a conventional steam plant plus the 
cargo fuel oil carried. This means that a smaller part of the dis- 
placement in weight is taken by the ship and correspondingly a greater 
amount of cargo oil can be carried for a given displacement and 
draft. The increase in cargo-carrying capacity could result in addi- 
tional revenue equivalent to $1 million in reactor plant investments. 
The increase in cargo capacity for a given-sized tanker, along with 
the practically limitless cruising radius, increases the value of the 
nuclear-powered tanker in time of emergency when these ships would 
be used to refuel fleet units at sea. 

The ultimate advantages of the lower overall machinery weight 
and space of a nuclear powerplant can be utilized in a tanker by 
increased cargo capacity and thereby a greater earning capacity. 
Safety 

The safety of dockside personnel when operating a tanker while 
it is in port is an important consideration. This involves considera- 
tion of radiation and possible reactor explosions. Since tankers usu- 
ally dock at relatively unpopulated areas, require few shore personnel, 
offer the potential of offshore pumping, and have minimum time in 
port, the safety problem for a tanker appears to be less than the safety 
problems for other types of nuclear-powered ships. 


Port steam loads 


During reactor shutdown, or operations at very low power, certain 
wastes of energy generated by the reactor are encountered. In the 
case of a tanker, the port steam load is about 40 percent of the normal 
steam load. The high steam requirements at port are conducive to 
eficient reactor operation. 

Economics of a tanker 

“conomically, the advantages of a tanker employing a nuclear 
powerplant are: 

Greater utilization of nuclear fuel due to high percentage of 
underway time. 

Possible minimization of shielding. 

Greater earnings from increased cargo capacity. 

Less precautions for protecting dockside personnel. 

More efficient port operation due to higher reactor power load. 


The present-day cost of building a reactor plus current nuclear fuel 
costs combine to a much larger figure than the cost of conventional 
marine powerplants. Both of these must be reduced to make a nuclear- 
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powered ship competitive. Due to the factors outlined, economic 
feasibility can be reached within a foreseeable future in the case of a 
tanker. : 

Thus a tanker appears to be one type of a merchant ship which will 
achieve economic realization from a competitive viewpoint in a rela- 
tively short period of time. The Office of Ship Construction and 
Repair is giving considerations to other types of merchant ships utiliz- 
ing effectively the economic parameters indicated above. 


REACTORS FOR COMMERCIAL AND COMBATANT SHIPS 


The requirements for naval reactors are definitely more severe than 
those for merchant ships. This is because of their greater need for 
mole sensitive control, greater shock requirements, and additional 
restrictions as to weight and space. It is for such reasons that it is 
essential to develop the type reactor most fully suited for commercial 
marine application. This will be one of the first objectives of a nuclear 
program by the Maritime Administration. Actually, such a program 
will be of tremendous benefit to the Navy as well, because it will then 
be possible to apply commercial-type reactors to all the auxiliary ships 
of the Navy. It is a well-known fact that naval equipment is more 
expensive than comparable commercial types. It is therefore most 
imperative that the Maritime Administration develop a commercially 
acceptable nuclear-propulsion plant for surface ships. The benefits 
of such a development can then be directly applied to the auxiliary 
vessels of the Navy, and the result will be tremendous cost reductions 
and savings to the Government. 

Insofar as the overall market demand for reactors is concerned, there 
will naturally be a reduction in cost as facilities and experience are 
developed. 


CONCLUSION 


A final important consideration is the fact that our merchant marine 
is now approaching block obsolescence. Any new type of equipment 
which has not been developed and proven to some extent within the 
next 5 or 6 years will not be introduced into our next generation of 
ships, which have a 20-year cyclic life. Therefore, it becomes even 
more important that emphasis and initiative be given to the develop- 
ment of a commercial marine-type nuclear reactor propulsion plant, 
and the development of ships of selected types and of the proper 
design. It is felt that the Maritime Administration is in a unique 
position to develop such a program because of its extensive experience 
in ship design, construction, and operation. This agency has success- 
fully designed, built, and operated more ships than any other single 
group in the world. 

There have been some comments as to the possible influence on the 
naval program if the Maritime Administration is permitted to proceed 
with a program of nuclear reactor development. It is our considered 
opinion that, while there may be a slight impact at the very beginning, 
due to the increased effects of new talents and new facilities which 
would be brought into the overall program, the final effect can only 
be most beneficial to our national defense. 
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TABLE I.—DATA ON REAOTOR TYPE 


HETEROGENEOUS, WATER COOLED 

General : 

Name: STR reactor. 

Purpose: Mobile power. 

Neutron energy: Thermal. 

Status: In operation for over 1 year. 

Materials: 

Fuel enrichment: U-—235. 

Fuel elements: Sandwich plates U, Zr. 
Fuel element jacket: Zr. 

Moderator: H.O, high pressure. 
Reflector: H.O, high pressure. 
Primary coolant: H,O, high pressure. 

Fuel: 

Maximum temperature in fuel element: 645. 
Sheath temperature, °F.: 551. 

Average cycle time: 600 hours. 

Percent burnup per cycle: 0. 

Limitations: Reactor temperature limited by pressure required to prevent boil- 
ing, high-pressure vessels, piping, and heat exchangers required, steam gen- 
erated at relatively low pressure, high-coolant pumping cost. Expensive fuel 
element. 

Advantages: Reactor has relatively few hazards, has been proven in service, 
expensive moderator not used. 


TABLE IJ.—DaATA ON REACTOR TYPE 


HETEROGENEOUS 
7yeneral : 
Name: MTR type power producer. 
Purpose: Power production. 
Neutron energy: Thermal. 
Status: Preliminary design and feasibility study. 
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Materials: 
Fuel enrichment: UOs. 
Fuel elements: Plates, flat, rectangular. 
Fuel element jacket: Stainless steel 347 type, UO:, stainless steel. 
Moderator: H,0O. 
Reflector: H.0O. 
Primary coolant: H,O, high pressure. 

Fuel: 

Maximum temperature in fuel element: 575. 
Sheath temperature, °F.: 525. 
Average cycle time: 9 months. 

Limitations: Reactor temperature limited by pressure required to prevent boil 
ing, high-pressure vessels, piping, and heat exchangers required, steam gen- 
erated at relatively low pressure, high coolant pumping cost. Relatively 
inexpensive fuel element not yet proven. 

Advantages: Expensive moderator not required, relatively few hazards. 


TasLeE III.—Data ON REAcTOR TYPE 


BOILING WATER COOLED 

General: 

Name: Boiling reactor for heat and power production. 

Purpose: Power and heat for remote locations. 

Neutron energy : Thermal. 

Status: Preliminary design and feasibility study. 
Materials: 

Fuel enrichment: Zr, U slightly enriched. 

Fuel elements: Plates, flat, rectangular. 

Fuel-element jacket: Zr. 

Moderator: H.0O. 

Reflector: H:.0. 

Primary coolant: H.O, boiling. 
Fuel: 

Maximum temperature in fuel element :— 

Sheath temperature, °F.: Above steam temperature of 486° F. 

Average cycle time: 12 months. 

Limitations: Turbine and auxiliaries are radioactive, lower heat flux in core 
than with pressurized water reactor, high rate of water circulation required, 
possible effects of motion on the operation of the reactor, expensive fuel ele- 
ment, not yet proven. 

Advantages: Heat exchangers and primary coolant circulating pumps not re- 
quired, reactor is inherently self-regulating, availability of higher steam pres- 
sures than with pressurized water reactors. 


TaBLeE IV.—DATA ON REACTOR TYPE 


HETEROGENEOUS 
General: 
Name: Supercritical water reactor (SC-WR). 
Purpose: Mobile power: 
Neutron energy: Intermediate. 
Status: Design and development. 
Materials: 
Fuel enrichment: UO, dispersed in stainless-steel matrix. 
Fuel elements: Plates 1 inch square box with parallel plates and sine wave 
fillers. 
Fuel-element jacket: Type 347 stainless steel 0.007-inch thick. 
Moderator: H:0O. 
Reflector: H:O. 
Primary coolant: HO, high pressure (about 5,000 psi). 


Maximum temperature in fuel element: 1,300. 
Sheath temperature, °F.: Not determined. 
Average cycle time: 144 hours. 
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Limitations: Materials for high pressure and temperature service a problem, 
retaining mechanical seals, etc., at high pressure and temperature. Reactor 
not proven. 

Advantages: High-pressure steam with resultant good cycle efficiency, smal] 
size of reactor, no phase change in reactor. 


TABLE V.—DATA ON REACTOR TYPE 


HOMOGENEOUS FUEL (AQUEOUS) 

General : 

Name: Homogeneous reactor experiment (HRE). 
Purpose: Experimental. 
Neutron energy: Thermal. 
Status: Operation. 
Materials: 
Fuel enrichment: UO.SO,. 
Fuel elements: H:.0 solution. 
Fuel element jacket: Stainless steel tank. 
Moderator: H.O. 
Reflector: D.O. 
Primary coolant: Circulating fuel solution, secondary coolant boiling HO. 

Fuel: 

Maximum temperature in fuel element: 482 out, 467 into reactor. 
Average cycle time: Time in core, 7 seconds. 

Limitations: Corrosiveness of uranyl sulfate solutions, evolution of radioactive 
gas, dissociation of water, highly radioactive solution in heat exchangers. 
D.O high-cost item. 

Advantages: High burnup a possibility, continuous fission product removal 
a possibility, mechanically simple, reactor is stable, refueling would be simple. 


TABLE VI.—DATA ON REACTOR TYPE 


LIQUID METAL COOLED 
General: 

Name: SIR. 

Purpose: Mobile power. 

Neutron energy: Intermediate. 

Status: Design and construction. 
Materials: 

Fuel enrichment: UO:. 

Fuel elements: Stainless steel tubes. 

Fuel element jacket: Stainless steel tube. 

Moderator: Be. 

Reflector: Be. 

Primary coolant: Na. 

Fuel: 

Maximum temperature in fuel element: 1700+300. 
Sheath temperature, degrees Fahrenheit: 900 maximum. 
Average cycle time: 900 hours. 

Limitations: Coolant becomes radioactive, heat exchanger requires heavy shield, 
Be moderator is expensive, Na reacts explosively with water, fuel element 
removal is a problem. 

Advantages: High reactor temperature and temperature difference possible, low 
pressure in primary loop, somewhat higher thermal efficiency. 


TABLE VII.—DatTA ON REACTOR TYPE 


LIQUID METAL FUEL 

General: 

Name: Brookhaven liquid metal fuel reactor (LMFR). 

Purpose : Power and fissionable material production. 

Neutron energy : Thermal. 

Status: Research and development (BNL). 
Materials: 

Fuel enrichment : U-233, alternate fuel U—235. 

Fuel elements : U-233 in bismuth. 

Moderator: Be or graphite. 

Primary coolant : Bi-U fuel, externally cooled by Na in heat exchanger. 
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Fuel: 

Maximum temperature in fuel element: 950. 
Average cycle time : Continuous fuel processing. 

Limitations: Requires highly enriched fuel, preheating for startup, formation 
of radioactive polonium, low solubility of uranium in bismuth, unproven 
design. 

Advantages: High temperatures at low pressures, continuous fuel processing and 
high burnup possible, possibility of breeding, no fuel element fabrication, small 
heat exchange surfaces, 


TABLE VIII.—DatTa ON REACTOR TYPE 


GAS COOLED 
General: 
Name: ANP. 
Purpose: Test stand operation. 
Neutron energy : Thermal, 
Status: Detail design. 
Materials: 
Fuel enrichment : UOs:. 
Fuel elements: Plates, sandwich. 
Fuel element jacket : Stainless steel. 
Moderator: H.O. 
Primary coolant: Air. 

Fuel: Maximum temperature in fuel element: 1800. 

Limitations: Low heat transfer coefficients, induced radioactivity in cooling air 
requiring operation of “hot” turbines, high pumping costs for circulating air. 
Successful operation not proven. Unproven design. 

Advantages: High operating temperatures, relatively low pressures, light weight. 


TABLE LX.—DaAtTA ON REACTOR TYPE 
ORGANIC LIQUID MODERATED AND COOLED 


General: 

Name: Shipboard nuclear powerplant. 
Purpose: Shipboard power. 

Neutron energy : Thermal. 

Status: Preliminary design. 

Materials: 

Fuel enrichment: U. 

Fuel elements : Rectangular plates. 
Fuel element jacket : Aluminum. 
Moderator : Terphenyl. 

Reflector : Terphenyl. 

Primary coolant : Terphenyl. 

Fuel: 

Sheath temperature, degrees fahrenheit : 800. 
Average cycle time: 90 days. 

Limitations: Heat transfer coefficient low, polymer formed in coolant, requires 
terphenyl purification system. Possible high terphenyl losses, unproven 
design. 

Advantages: Negligible corrosion, low pressure at high temperature. 


CoMMUNICATION From Maritime ADMINISTRATION, DEPARTMENT OF 
CoMMERCE 


OcToper 4, 1955 
* * * * * * * 


In the past there has been considerable discussion by persons outside 
the Maritime Administration, many of whom are not fully ac- 
quainted with the economic aspects of our merchant fleet as to the 
future of nuclear propulsion for the United States merchant ma- 
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rine. * * * It appears that the economic advantages of a nuclear re- 
actor will be realized in selected merchant ships as soon as in any 
other application, if not before. Furthermore, there is no question 
but that a program for the adaptation for nuclear propulsion for 
selected merchant ships should commence immediately as there jis 
nothing to be gained by procrastinating. 

In specific reply to your letter of September 27, 1955 [requesting ad- 
ditional data], attached here:vith are * * * copies of Sup lemental 
Information for the Panel on the Impact of the Pessstal Uses of 
Atomic Energy of the Joint Committee on Atomic Energy, dated 
October 3, 1955. This information covers the series of questions 
previously submitted * * *. 


SupPLEMENTAL INFORMATION FOR THE PANEL ON THE IMPACT OF THE 
PEACEFUL Usss or Atomic ENERGY OF THE JOINT COMMITTEE ON 
Atomic ENERGY 


October 3, 1955 
I. SHIPS 
1. (a) What is the United States commercial tonnage by types? 


United States ships of 1,000 gross tons and over as of Dec. 81, 1954 
PRIVATELY OWNED 








Deadweight 


sa Number | Gross tons tons 


Combination passenger and cargo.--_-- canaia 445, 000 _ 334, 100 
Cargo ships._--- ae . 9% 5, 034, 200 , 383, 500 
RN Tr es ae ; ie Son Sse f 4, 166, 300 6 622, 200 





| ae se . 3 9, 645, 500 14, 339, 800 





GOVERNMENT OWNED 


Combination passenger and cargo-.-- | 212 1, 869, 800 1, 361, 300 
2, | ER ; ial lea | 1, 880 13, 280, 000 19, 190, 700 
II wns enininss b ; 25 142, 800 215, 700 


| 


Total. ........ coer 15, 202, 600 | 20, 767, 700 
| 


(b) What is the obsolescence rate by types? 


Privately owned United States fleet as of Dec. 31, 1954 


Type | Type 


Age of ship in ~ x iq otal Age of ship in 
years Com- = years Com- 
Tanker bina- | Cargo Tanker 


95 
34 





' 
Ce Oai~e: | 
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Government-owned fleet as of Dec. 31, 1954 


| | | 


Type Type 


| bina- | Cargo Tanker 
| 4 tion 
' 


Cargo | Tanker 


j “ ‘rr - 
26 and over-.---- et 


Assuming construction of replacement ships in the privately owned 
United States fleet started when ships to be replaced are 18 years old 
(allowing average of 2 years for construction), peak of block obsoles- 
cence is reached in 1960 to 1964 for a total of 924 ships out of a total 
of 1,138. A similar peak for Government-owned ships will also 
be attained as is evidenced in the above tabulation. 


2. (a) What is the present shipbuilding rate of types adaptable to 
nuclear propulsion? 

The basic criteria for determining the types of ships adaptable to 
nuclear propulsion was discussed in our report dated September 19, 
1955 on Propulsion of Commercial Ships by Nuclear Energy—A 
Survey Report. 

The term “rate” is not strictly applicable when used in conjunction 
with shipbuilding. With the extreme fluctuations inherent in this 
industry, a more usable measure of construction activities would 
be the number of ships built in any one year. Based on the criteria 
of ship adaptability in the aforementioned survey report, the present 
private commercial ship construction in the United States as of 
September 1, 1955, consists of 7 tankers and 1 ore carrier; in addition 
there are 4 commercial tankers being constructed for the Navy. There 
is also the further possibility of 15 more commercial tankers to be 
constructed under the Military Sea Transportation Service charter 
program subject to clearance by the General Accounting Office. 


(6) What are the contemplated future rates? 


While the future rate of construction is basically dependent upon 
both commercial and mobilization requirements, it may properly and 
safely be assumed that the minimum requirements should at least 
meet the active fleet mobilization needs as determined by the Joint 
Chiefs of Staff. They have stated that a continuation of the present 
active United States flag fleet is necessary and therefore replacements 
of 20-year-old ships must be undertaken. 

The obsolescence rate table shown on page 1 indicates the immediate 
replacement requirements of the privately owned United States flag 
fleet with a peak during 1960 to 1964. It is obvious that the future 
rates of shipbuilding wil be high and for the privately owned fleet 
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will reach a peak of about 95 tankers in 1962. This does not take into 
account the replacements in the reserve fleets. 
(c) Is there any policy established concerning these future rates? 

The Merchant Marine Act of 1936 establishes overall policy on 
United States flag merchant marine requirements. As already men- 
tioned, the Joint Chiefs of Staff recommend the size of the active 
and reserve fleets required for mobilization. In addition, the Federal] 
Maritime Board enters into operating subsidy agreements which in- 
clude requirements to replace or supplement each operator’s fleet on a 
predetermined basis. 


(d) Who controls such policy questions? 


The Federal Maritime Board basically establishes policy covering 
top ship construction and replacements. 


(a) Compare the amount of construction involved in your estimates 

future commercial shipbuilding rates for types which might lend 

themselves to nuclear propulsion with comparable projected annual 

naval shipbuilding construction rates 

The currently authorized naval construction program, while large, 
nevertheless limits the application of nuclear propulsion. Detailed 
future plans of the Navy involving nuclear propulsion are unknown to 
the Maritime Administration. The future commercial shipbuilding 
requirements of types adaptable to nuclear propulsion will be of con- 
siderable magnitude during 1960 to 1964, in fact, during this critical 
period might well be large by comparison with Navy requirements. In 
addition, the economics of reactor construction and operation are 
changing so rapidly that nuclear propulsion application to other types 
of s ships 1 may be feasible. If so, the total number of commercial ships 
adaptable to nuclear propulsion will increase. 


(6) Is the commercial volume of business large or small by 
co mpari: son? 


There is every indication that the commercial volume of business 
may be large by comparison. 


Would the outlook for economic powerplants for commercial ships 
change appreciably if the United States undertook to convert the 
entire naval fleet to atomic power? 

A large scale conversion of the Navy fleet to nuclear power would 
materi: lly reduce the initial costs of nuclear powerplants and would 
also reduce the fuel costs. The tremendous reduction of initial en- 
gineering and development costs, the economics of multiple-unit pro- 
duction and industrywide impetus of competition would undoubtedly 
make the nuclear units competitive for many more marine applications 
and services. 


5. Is United States commercial shipping now competitive in world 
trade? 
Basically, the largest portion of the United States private fleet in 
foreign operation is composed of cargo ships, most of which require an 
operating subsidy. On the other hand, owners of United States tank- 
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ers in foreign service are operating without a subsidy. This indicates 
that tankers which are adaptable to nuclear propulsion would appear 
to be competing in world markets. 


). Would atomic power, as now visualized, make any type of United 

States ship competitive which is not now competitive? 

Those ships in the United States merchant fleet which are not now 
competitive without subsidization are placed in this position princi- 
pally by our high labor costs. The cost of propulsion machinery, no 
matter what type, is not a controlling factor as regards competition 
with foreign flags. Therefore, the installation of atomic power in 
United States ships would not necessarily make the ships competi- 
tive, but might significally improve their competitive position by an 
increased earning capacity. 

As a observation, 1t should be remembered that shipping is an in- 
ternational business operating outside our customs barrier. 


7. Even assuming no fuel cost, would a United States atomic merchant 
ship of any type be any more competitive than conventional ships? 
As previously stated, tankers are best suited to take full advantage 

of the benefits to be gained from atomic energy. Investigations and 
analyses indicate that if reactor fuel cost is discounted, where the 
capital cost of a nuclear tanker of the average tanker size under con- 
struction today can be kept within $10 million of such costs for a corre- 
sponding conventional tanker, the nuclear propelled ship may prove 
competitive. Our further investigation indicates that this capital 
cost differential might be realized. 


CommuNIcATION From Maritime ADMINISTRATION, DEPARTMENT 
or COMMERCE 


DecEeMBerR 21, 1955 


The following information is furnished in response to the questions 
which you asked * * *, 

1, Attachment A contains the requested breakdown of privately 
owned United States tankers by gross and deadweight tonnage groups. 
_ 2. The ocean going United States merchant fleet fuel consumption 
in 1955 is estimated to be approximately 3.5 percent of the total United 
States petroleum production. The tanker segment is estimated to 
consume about 1.5 percent of the total United States petroleum pro- 
duction. These figures are based upon the breakdown of the United 
States commercial tonnage by type previously furnished you. In- 
active ships were excluded. Approximations were applied for average 
shaft horsepower per vessel, average specific fuel consumption per 
shaft horsepower hour, and average use factor at full power per vessel. 


70101.~56—-vol. 2——_17 
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ATTACHMENT A 


United States privately owned tankers as of Dec. 31, 1954 


| Number Gross ton Daneaatine 


Gross tonnage groups: io 779 


11, 800 
1,600 to 3,999 300 


22, 
4,000 to 5,999 z 5, 300 


193, 300 


’ ’ 376, 500 
10,000 to 14,999 a 


3, 043, 700 
15,000 to 19,999 513, 400 805, 000 


6, 622, 200 





Deadweight tonnage groups: 
Under 2,000 15, 800 


32, 000 
5, 300 
7, 700 

5 . 63, 700 

DE Sb iciacetientbinaoscan Sieh Sin call taiacatsarepicencianil f 309, 000 

Lo died ceinke hice) inden emaciaa Ss hiigman ok f 342, 700 

15,000 to 17,999 4, 574, 400 

18,000 to 19,999 ‘ 1,3 375, 100 

20,000 to 24,999 


: 91, 500 
25,000 and over 805, 000 


6, 622, 200 








Survey Report 
PROPULSION OF CoMMERCIAL Suips py NucLeEAR ENERGY 


By Rear Adm. H. G. Rickover 
(Answers to questions submitted by Panel) 


RECOMMENDATION 


1. Reactor plants of the Nautilus type have small possibility of 
becoming economically feasible for commercial ships. 

2. I recommend that reactors for commercial ships be realistically 
studied and evaluated for their economic aspects. When such a study 
and evaluation shows it to be worthwhile the design of a reactor should 
be started. After a design has been obtained which promises economic 
advantages over conventional merchant marine propulsion plants 
experimental verification of the reactor design should be obtained. 
Not until these steps have been taken should construction of a nuclear 
powered commercial vessel commence. 


SUMMARY 


1. Status of nuclear propulsion for commercial surface vessels 


No nuclear powered commercial vessels are presently under design, 
development or construction in the United States nor, as far as is 
known, actually in any other country. 


2. Technical limitations 


Nuclear propulsion of commercial surface vessels is technically 
possible now. 
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3. Economic limitations 
At present, nuclear powerplants are more costly to design, build, 
operate, maintain, and repair than conventional powerplants. With 
the present state of nuclear powerplant technology, it is not possible 
to predict the ultimate economic feasibility of nuclear powered com- 
mercial ships. 
4. Characteristics of nuclear powered commercial vessels 
Nuclear-powered ships differ from conventional ships in the follow- 
ing characteristics : 


(a) Nuclear plants have increased cruising range between 
refuelings. 

(6) Liquid fuel need not be carried except for emergency use 
and for in-port electrical power generation. 

(c) No combustion air supply or exhaust is required for the 
nuclear propulsion plant. 

Ship speed and speed of turnaround will not be substantially 
different. The ratio of gross weight to cargo weight may decrease 
for high-density cargo but not for low-density cargo. Elimination 
of air ducts and uptakes may provide some increase in passenger 
capacity for a passenger-carrying vessel. 'The extent to which these 
characteristics will change can be determined only by a detailed 
design study of a specific vessel. 


DISCUSSION OF QUESTION IN TERMS OF REFERENCE 


Question A: What would be the cost per shaft horsepower for a 
nuclear-propelled vessel as compared with one propelled by con- 
ventional power? (Both capital cost and operating cost?) 

1. Capital costs—A replacement Nautilus powerplant will cost 
about $18 million. The cost of an oil-fired plant of equivalent horse- 
power is about $2,500,000. Therefore, the capital cost of the only 
presently operating shipboard nuclear-propulsion plant is about seven 
times the cost of an oil-fired plant of equivalent horsepower. 

The machinery plant cost of a conventional ship varies, depending 
on the type of ship, between 15 and 30 percent of the total ship cost. 
Multiplying the cost of the powerplant of a given vessel by 7 would 
increase the vessel cost by a factor of 2 to 3. 

2. Operating costs (exclusive of fuel costs) —The complexity of a 
nuclear powerplant requires more and better trained pecmanedt for 
operation, maintenance, and repair than a conventional plant. It is 
conservatively estimated that the total wages for engineering person- 
nel and the cost of repair and maintenance would increase by a 
factor of two. 

Question B: What would be the fuel cost for a nuclear-propelled 
commercial vessel compared with one propelled by conventional 
power, assuming vessels of equal cargo-carrying capacity and similar 
types of cargo and travel at similar speeds? 

The fissionable material consumed by the nuclear plant represents 
but a small part of the nuclear fuel cost. When fabrication, reproces- 
sing, and handling are included, nuclear fuel cost increases many 
times. The fuel cost computed in this manner for the Nautilus is 
about 50 times the cost of fuel oil for equal shaft power generation. 
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Technology, not yet proven, is expected to lower nuclear fuel cost for 
reactors of this type to 15 or 20 times fuel oil cost within 5 years. Be- 
cause of the extreme care in fabrication, and the special materials re- 
quired to insure that radioactive fission products do not escape from 
the nuclear fuel elements, it is unlikely that nuclear fuel cost will 
compete with that of fuel oil for many years. Even if the nuclear 
core were supplied at no cost, it would still cost more to operate the 
ship than with conventional fuel. 

usta C: Are there any types of ships essentially uneconomic 
for conventional propulsion which nuclear propulsion might put into 
competitive commercial trade? 

Since a nuclear powerplant will increase operating and capital 
costs, it does not seem possible that nuclear power will place into 
competitive commercial trade any type ship which is uneconomic for 
conventional propulsion. 

Question D: What specialized dockside facilities might be required 
for nuclear propelled surface ships? How expensive would these 
be? : 

No special dockside facilities would be required for normal berth- 
ing of nuclear-powered ships except a source of electric power to take 
sare of the ship’s requirements while in port. Special equipment 
would be required for refueling and for transportation of spent core 
materials, which would have to be done in a shipyard where adequate 
lifting capacity is available. Equipment similar to that for the Vau- 
tilus would cost over $500,000. The same equipment could be used 
for a number of vessels having similar reactors. 

Question E: Is there anything inherent in the nuclear powerplant 
for a commercial ship which would require substantially different 
technical care than is required for atomic powerplants of comparable 
energy output used for the production of electricity? For example, 
will the same fuel fabrication and processing facilities be able to serve 
both types ? 

The technical care for both shore and shipboard plants would be 
similar if reactor types are the same. If similar fuel elements are 
used, the same fuel fabrication and processing facilities could serve 
both shore and shipboard plants. 

Question F: How significant are capital and operating costs for 
commercial surface vessels as compared with labor costs in the Ameri- 
can merchant marine? 

The following is an estimate of the relative significance of various 
expense items in the overall operating cost of United States commer- 
cial dry-cargo vessels: 


Percent of total expense 
Item: 
A cn a 18-25 
Cargo handling HO 
ne Sch sad ac ek hens ncenkgig ds tek a 8 eed Ee oe 15-18 
Ore ODETATIE Gebel. cee oe hee SR re ee es 15-20 


Cargo-handling costs for passenger vessels, tankers, and bulk cargo 
vessels are a negligible portion of the total expense; for these vessels, 
crew wages, capital costs, and other operating costs constitute a cor- 
respondingly greater portion of the total. 
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Question G: Would competitive relationship of nuclear propulsion 
for commercial surface vessels with similar vessels propelled by con- 
ventional power be increased or decreased in the presence of wide- 
spread application of nuclear propulsion to noncommercial vessels 
such as Navy surfaceships? For example, will the capital cost of the 
nuclear propulsion plant for a commercial surface ship be affected 
substantially by the number of such propulsion units demanded by the 
total market, including both commercial and naval customers ? 

Some reduction in capital cost of a nuclear propulsion plant is to 
be expected as demand increases and more manufacturers enter the 
field of nuclear plant and component construction. However, even 
if the market conditions for nuclear plants were equal to those for 
present oil-fired boiler installations, the cost of the nuclear plant, 
based upon known technology, would not be commercially competitive 
for shipboard use. This is because present nuclear plants are much 
more complex than oil-fired plants. 


CoMMUNICATION From Panet to Aromic Enreray Commission, 
JuLy 21, 1955 


* * * We would very much appreciate it if you would * * * pre- 
pare a report for us, summarizing the status of development of 
(atomic) aircraft-propulsion systems and making an estimate of pre- 
dictable commercial application * * *. 


COMMUNICATION From ATomic Energy CoMMISSION, JANUARY 10, 1956 
9 ’ 


In accordance with your request, attached is a reer entitled “Com- 


mercial Pecan of Nuclear Powered Aircraft” which was pre- 
pared by the Aircraft Reactors Branch, Division of Reactor Develop- 
ment. 


CoMMERCIAL APPLICATION OF NUCLEAR Powrrep AIRCRAFT 
December 30, 1955 


Certain unique advantages are anticipated from the application of 
nuclear energy to the propulsion of commercial type aircraft. The 
more significant of these advantages are (1) range unlimited by fuel 
tankage, (2) freedom from a system of overseas refueling airfields, and 
(3) Sr of the supply problem associated with demand for fuel 
stocks. 

The application of nuclear power to aircraft propulsion basically 
involves the conversion of reactor heat into mechanical thrust. This 
principle is dictated since the useful nuclear energy is manifested only 
in thermal form within the reactor. Therefore, any nuclear-propel- 
led aircraft must incorporate a reactor and some form of heat engine. 
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There are certain general characteristics of nuclear aircraft that may 
have considerable effect on their commercial utilization. Although 
most of the energy of fission is in thermal form, a portion does appear 
as ionizing radiations, specifically gamma rays, neutrons, and beta 

rays. The shielding requirements vary for different radiations; how- 
ever, the complete shield assembly undoubtedly will be quite bulky, 
U nfortunately the shield weight is highly concentrated and necessi- 
tates that conventional aircraft structures be redesigned to accommo- 
date such loads. A related design requirement is introduced due to 
the inherent heavy landing weight of these aircraft, which results from 
the negligible fuel consumption during operation. 

The various economic aspects of nuclear aircraft operations are 
difficult to assess. This is a consequence of large uncertainties in de- 
preciation, fissionable material costs, nuclear aircraft and reactor costs, 
and operating procedures. Owing to such uncertainties, the direct 
and indirect operating expenses for nuclear aircraft cannot be pre- 
dicted. However, it is probable that the total direct operating cost 
will be related closely to the operating expense of the nuclear system; 
furthermore, this particular expense appears most uncertain of those 
mentioned above. 

A few genera] statements are possible regarding the relative char- 
acteristics of nuclear and chemical aircraft. 

The operating weight empty of nuclear aircraft will exceed that of 
a chemical equivalent by the weight of the reactor assembly plus 
any additional structure necessary to support the concentrated shield- 
ing. Aircraft empty weight is significant since experience shows 
that the inventory cost is closely related thereto. Because of its 
greater empty weight and expensive nuclear equipment, the initial 
cost of nuclear aircraft will probably be somewhat higher than con- 
ventional equipment costs. 

There appears little reason to predict that expenses such as depre- 
ciation and losses will differ materially from the experience acquired 
to date. Repair, maintenance, and ground handling charges will be 
higher for the nuclear aircraft because of the added environment of 
radiation. A fully valid assessment of comparative fuel costs for the 
two aircraft is not possible until nuclear fuel processing charges be- 
come better defined. However, it seems unlikely that nuclear fuel 
costs will be significantly less than chemical fuel costs, particularly 
during the early days of nuclear-powered flight. When considering 
all aspects it can be predicted that the total operating expenses for the 
initial versions of nuclear aircraft will exceed those of conventional 
types; the margin involved cannot be assessed at this time. 

The annual utilization of commercial aircraft is an important con- 
sideration in operating economics. Experience shows that about 
1,800 hours is a reasonable value for current equipment. Without 
similar experience a value for annual utilization cannot be established 
accurately for nuclear aircraft. However, most predictions indicate 
that these latter aircraft will eventually demonstrate equivalent 
utilization. 
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The economics of conventional chemical fuel aircraft are inherently 
sensitive torange. This sensitivity generally is manifested by a cross- 
over range where nuclear aircraft became more economical to operate. 
Figure 1 is presented to illustrate a typical cost comparison between 
the two aircraft types. The chemical aircraft curve demonstrates the 
typical minimum cost point; above this range the trade between pay- 
load and fuel tankage results in a severe penalty. If it is assumed 
that nuclear aircraft operating expenses are little affected by fuel 
consumption, a range can be found at which it will become the more 
economical system to operate. Beyond this range the advantage of 
nuclear aircraft progressively increases, suggesting that these aircraft 
would be more appropriate for extremely long range (that is, trans- 
oceanic) operations. 

It would appear that passenger service with nuclear aircraft will 
not be feasible until technology has advanced beyond that envisioned 
for early models. A very substantial amount of shielding would be 
required to limit radiation dose levels to accepted tolerances, and this 
would probably have the effect of reducing the passenger payload to 
uneconomical values. It is possible that second or third generation 
nuclear aircraft will incorporate improved shield designs that would 
permit reconsideration of such service. 

With respect to the safety aspects of nuclear powered aircraft, the 
most grave concern is the danger to personnel downwind from an 
accident. It is likely that a serious accident will release some portion 
of the fission products generated in the nuclear powerplant. The 
details of this problem, and the degree of hazard which it presents, are 
not yet well defined. Considerable preliminary thought has been 
given to the restrictions that may be required for safe operation of 
nuclear-powered aircraft. No doubt the use of airways over sparsely 
populated areas will be adopted for the purpose of diminishing the 
hazards of fission product contamination in event of a crash. 

Experience shows that the major portion of all accidents occurs 
during landing and takeoff ; hence it is preferable to use only relatively 
isolated airports. By proper reactor design, incorporation of safety 
devices, and the application of certain operating techniques, the hazard 
can be reduced to acceptable limits. However, it is difficult to assess 
at this time what effect they may have on the utility and economic 
aspects of commercial use. 

A final matter of some concern to operators of nuclear aircraft is the 
ground handling problem. Consideration must be given to (1) spare 
runways in event of runway contamination, (2) shielded engine 
run-up stations, (3) remote “hot” shops for maintenance and nuclear 
fuel handling operations, (4) disposal system for contaminated mate- 
rials, (5) shielded vehicles, and other special equipment. Such con- 
siderations as these will make ground operations for nuclear aircraft 
complex and relatively expensive. 
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SUMMARY OF ATOMIC LOCOMOTIVE SEMINAR 


December 9, 1955 
Participants : 

Alfred E. Perlman, discussion leader, president, New York 
Central Railroad, 230 Park Avenue, New York, N. Y. 

Thomas T. Blickle, mechanical department, "Atchison, Topeka 
& Santa Fe Railroad, 80 East Jackson Boulevard, Chicago, Ill. 

Nelson Dezendorf, general manager, electro motive division, 
General Motors Corp., “LaGrange, Til. 

E. W. Kettering, director of resear ch, electro motive division, 
General Motors Corp., LaGrange, Il. 

D. B. Jenks, executive vice president, Chicago Rock Island & 
Pacific Railroad, LaSalle Street Station, Chicago, Ill. 

K. Kasschau, American Locomotive Co. .. schenectady, N. Y. 

Edward J. Kehoe, executive officer, mechanical department, 
New York, New Haven & Hartford Railro: id, New Haven 6, Conn. 

Ray McBrian, Denver & Rio Grande Western Railroad, 1531 
Stout Street, Denver, Colo. 

Marvin W. Smith, chairman, executive committee, Baldwin- 
Lima-Hamilton Cor D., Philadelphia National Bank Building, 
Philadelphia, Pa, 
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Also present as technical advisers: 

Robert O. Bardwell, Denver & Rio Grande Western Railroad, 
1531 Stout Street, Denver, Colo. 

Fred J. Geittman, manager, transportation engineering, Bald- 
win-Lima-Hamilton Corp., Philadelphia, Pa. 

Maj. Gen. Donald J. Keirn, Chief Aircraft Reactors Branch, 
Division of Reactor Development, United States Atomic Energy 
Commission 

Col. J. B. Lampert, Chief, Army Reactors Branch, United 
States Atomic Energy Commission 

John Lane, cae counsel, New Haven Railroad 

Col. E. O. Meals, Aircraft Reactors Branch, Division of Reactor 
Development, United States Atomic Energy Commission 

Lt. Comdr. J. D. Plawchan, Army Reactors Branch, United 
States Atomic Energy Commission 

Thomas Sawyer, American Locomotive Co. 


The seminar opened with a short presentation by the Chairman of 
the Panel and representatives of the AEC on the status of nuclear 
propulsion and the principal problems associated with this application 
of nuclear energy. The Chairman of the Panel pointed out that, 
while there were major governmental development programs for the 
development of nuclear-powered ships and aircraft, there was at 
present no activity on the part of the Government directed specifically 
toward the development of nuclear-powered locomotives. In the 
light of this situation, this seminar of representatives of the railroad 
industry was organized to give the Panel guidance concerning the 


importance of the requirement, if any, for nuclear-powered loco- 
motives and the degree of present and planned industrial activity in 
this field. 


BASIC ECONOMICS OF RAILROAD OPERATION 


The seminar discussed in some detail the basic economics of railroad 
operations in order to establish the environment within which nuclear 
propulsion would have to compete. The railroad industry is just 
completing a major technological revolution. In the period of ap- 
roxinatns one decade, diesel-electric locomotives have replaced most 
of the steam locomotives in the United States. At the present time, 
25,000 of the 33,000 locomotive units in the United States are diesel- 
electric. Most of the remaining nondiesel-electric units are scheduled 
for replacement in the next few years. This conversion to diesel- 
electric locomotives has already involved the railroad industry in a 
capital investment of some $31, billion. Representatives of the loco- 
motive industry estimated that some 1,000 diesel-electric units would 
be produced annually for the next several years. This represents 
an annual investment in locomotive equipment of some $150 million. 

The seminar participants presented detailed breakdowns of the 
operating costs of their individual railroads. These indicated that 
50 percent of current operating expenses for diesel-electric locomo- 
tives were for fuel. When depreciation, interest, and insurance costs 
are considered, fuel still accounts for 35 to 40 percent of railroad 
operating costs. It was noted that although operating costs differ 
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substantially in different regions, the cost differential does not depend 
upon the cost of fuel. Generally, the cost of handling and trans- 
portation of diesel fuel does not result in a change of more than 
5 percent of its cost. 

he railroads at present utilize approximately 3.3 percent of the 
total petroleum consumed in the United States. The cost of this diesel 
oil has approximately doubled during the last decade. The railroads 
have, however, been able to offset a portion of this increase in price by 
utilizing lower grades of oil. Looking toward the future, the seminar 
participants envisaged substantial increases in the cost of diesel oil 
during the next 20 years. One participant indicated that he believed 
the price of premium diesel oil would double within the next decade. 
Other members felt, however, that these anticipated increases in diesel 
oil cost could at least in part be offset by further reduction in the 
grades of oil used and by improvement in the efficiency of diesel 
engines. 


TECHNICAL FEASIBILITY OF NUCLEAR LOCOMOTIVE PROPULSION 


It was the consensus of the seminar that nuclear propulsion for 
locomotives was technically feasible on the basis of foreseeable tech- 
nology. This opinion was concurred in by the representatives of 
AEC who were attending the seminar as technical advisers. The 
members of the seminar did not, however, feel that sufficient infor- 
mation was available in the field to permit any discussion as to the 
most probable design of such a nuclear locomotive at this time. 

However, it was agreed by all participants in the seminar that a 
future nuclear locomotive would have to have the same general di- 
mensional and weight characteristics of present locomotives. Any 
major change in these dimensions would involve tremendous capital 
costs in the modification of railroad rights-of-way and facilities. It 
was pointed out that, irrespective of reactor design, the problem of 
providing adequate radiation shielding would present a major techno- 
logical barrier for the development of a practical nuclear locomotive. 
A representative of the AEC reported that it would be possible to 
achieve acceptable levels of radiation during normal operation with a 
minimum shield 10 feet in diameter. It was pointed out that this fig- 
ure could probably not be substantially reduced since radiation shield- 
ing depends essentially upon the mass of the material in the shield. 
Representatives of the railroad industry were clearly encouraged by 
this statement and indicated that, if it were so, the radiation problem 
should not be a limiting factor on development in this field. The 
group was cautioned, however, by one participant that in practice it 
might be very difficult to obtain sufficient shielding within this 
diameter and that a great deal of development work was necessary 
in this field. 

In discussing the posers characteristics of a nuclear locomotive, 
it was agreed that the power would pennants fall within the range 
of 2,000 to 5,000 horsepower. Diesel electric locomotives are con- 
structed in units of approximately 1,500 horsepower in order to achieve 
maximum flexibility in railroad operation. Although railroads could 
utilize more powerful individual units than this, locomotive units of 
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more than 4,000 to 5,000 horsepower would be overpowered for many 
uses and would thus drastically reduce the flexibility of railroad 
operation. 

It was agreed that the present military propulsion programs for 
ships and aircraft could supply a great deal of the basic information 
required to prove the feasibility and to point the way to the best 
approach to nuclear locomotive propulsion. For example, the mili- 
tary aircraft propulsion program will presumably develop a great 
deal of the shielding information which would eventually be required 
for locomotives. There was, however, very strong feeling on the 
part of some of the participants in the seminar that this information 
was not being made available to the railroad industry and that con- 
sequently the industry was unable to profit from the experience gained 
in these programs. In this regard, representatives of the AEC stated 
that, while it was true that information on advanced aircraft propul- 
sion systems could not be released to the railroad industry at this 
time for military reasons, there was a great deal of basic data includ- 

‘ing information on shielding which could be made available to prop- 
erly cleared representatives of the industry. This led to an extended 
discussion as to whether there was any justification for the classifica- 
tion of information on reactor systems for propulsion. The repre- 
sentatives of AEC pointed out that this was in keeping with the 
standard military security procedures and that the Air Force had 
a general policy of not releasing new engine designs for commercial 
use until a better engine was available for military aircraft. Several 
of the participants in the seminar had serious reservations as to the 
wisdom of this policy. 


HAZARDS OF NUCLEAR LOCOMOTIVE OPERATION 


In considering the hazards associated with the operation of nuclear 
locomotives, the seminar participants emphasized that it was not 
possible to arrive at any specific conclusions 1n this field. Nevertheless, 
it was felt that there would probably be no radiation hazards during 
normal operation since adequate shielding appeared possible within 
the dimensions of standard locomotives. Therefore, nuclear locomo- 
tives should not require extensive modifications of existing rights-of- 
way or other railway facilities. It was pointed out that there already 
are many local regulations which restricted the use of diesel and steam 
locomotives in metropolitan areas and that the railroad industry had 
been able to live with these restrictions. 

The seminar did not establish a position on the extent of the hazard 
that might result from a serious accident involving a nuclear locomo- 
tive. It was agreed that, judging from past experience, the vast 
majority of railroad accidents would not be serious enough to damage 
the reactor system in a nuclear locomotive. However, there are a small 
number of accidents every year that result in serious damage to rail- 
road locomotive units. A representative of the AEC indicated that 
in the case of serious accidents involving a nuclear aircraft, there could 
be a very serious problem of radioactive contamination in the vicinity. 
One participant in the seminar who had considered the problem in 
some detail indicated that it was his opinion that a nuclear reactor 
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system could be designed in such a way as to withstand the shock of 
any locomotive collision. It appeared to be the consensus of the 
group that, although radioactive contamination was a serious problem, 
it should not be overemphasized at this time in the consideration of 
the practical feasibility of nuclear locomotives since historic experi- 
ence in this field indicated that hazards associated with new tech- 
nological developments had always been overcome. 


PROJECTION OF NUCLEAR LOCOMOTIVE COSTS 


It was the consensus of the seminar that there was insufficient 
information available to attempt any realistic projection of nuclear 
locomotive costs. It was noted that preliminary attempts at such an 
analysis had been made, but that these estimates could not be used 
for planning at this time. 

It was noted that the cost of nuclear power systems would have to 
be drastically reduced from figures now under discussion in order to be 
competitive with the present capital costs of approximately $100 per 
horsepower ($134 per kilowatt) for diesel-electric locomotives. The 
possible economic advantage of the nuclear locomotive would therefore 
be dependent upon substantial savings in the cost of nuclear fuels over 
diesel oil. No estimate was made, however, as to when nuclear fuels 
might become competitive with diesel 01] for use in the small reactors 
required for nuclear locomotives. In this connection, it was pointed 
out by one of the participants in the seminar that, while the cost of 
diesel oil was increasing, there were long-term prospects of achieving 
substantially greater efficiencies in the use of fossil fuels for loco- 
motives. 


PRESENT AND PROJECTED PROGRAMS FOR NUCLEAR LOCOMOTIVE PROPULSION 


A representative of the AEC reported that there is at present no 
Government program directed toward the development of nuclear- 
powered locomotives. Governmental activity in this field has been 
limited to a preliminary study recently initiated by the Army Trans- 
portation Corps to determine if any military requirement exists in 
this field. The participants in the seminar discussed the programs of 
their individual companies in this field. On the basis of this discus- 
sion, it would appear that the industrial research effort in this area 
has involved the expenditure of a few hundred thousand dollars at 
most and has been limited essentially to basic feasibility studies. It 
also appeared to be the consensus of the group that the railroad indus- 
try was not prepared to initiate any major projects in this area until 
the economic feasibility of the development was assured. 

Despite the present low level of industrial activity, the seminar 
participants emphasized that the railroad industry was extremely 
interested in the possibilities of nuclear propulsion. The experience 
of the conversion from steam locomotives to diesel-electric locomotives 
was cited as evidence that the industry was prepared to undertake 
very extensive technological developments which would basically im- 
prove their economic position. It was agreed that decisions as to the 
economic practicality of this application of nuclear energy would be 
dependent for some time upon the information which evolves from the 
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existing military programs for nuclear propulsion of ships and air- 
craft. In order to permit railroad industry to make decisions concern- 
ing future development programs in this field at the earliest possible 
date, seminar participants expressed the opinion very strongly that 
the industry should be given complete access to all information on the 
military nuclear propulsion program. 


Communication From Panet to Atomic Energy ComMission, 
Avast 3, 1955 


It would be very much appreciated if you would * * * prepare a 
survey report on the prospects for atomic propulsion of various kinds 
of land vehicles. 


* * * * * © * 


The panel is particularly interested in making sure that it has not 
inadvertently overlooked possible applications of atomic energy for 
peaceful uses. Since there have been newspaper and magazine ac- 
counts from time to time of the use of atomic energy as a means for 
propulsion of locomotives, large pieces of earthmoving equipment, 
trailer tractors, and even of automobiles, it would seem desirable that 
we seek expert advice as to the technical prospects for such applica- 
tions. Any estimate as to the time when such peaceful application 
of atomic power might be possible should, of course, be caked to a 
relative time scale and not an absolute one * * *, 


CoMMUNICATION From Atomic Enrercy Commission, 
SEPTEMBER 9, 1955 


Your letter of August 3,1955 * * * requested a survey report on the 
prospects for atomic propulsion of land vehicles for use by the panel 


* * * Enclosed are copies of the survey report * * *. 


Survey Report oN THE Prospects ror ATroMIc PROPULSION OF LAND 
VEHICLES 


Prepared by Army Reactors Branch, Division of Reactor Development, Atomic 
Energy Commission 


September 1, 1955 
INTRODUCTION 


The practicability of utilizing nuclear energy for the production of 
electricity for general use, and propulsion energy for naval vessels 
has been established. The desirability of applying nuclear power to 
aircraft propulsion has long been a matter of common knowledge, and 
extensive development toward that end is in progress. However, the 
question of possible advantages which might accrue from the use of 
nuclear propulsion for land vehicles has been and still is the subject 
of much speculation. It is the intent of this paper to cite some of the 
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long-range possibilities for such applications, indicate some of the cri- 
teria for determining potentially profitable ventures, eliminate from 
consideration some of the less practical approaches, and define some 
of the important problems which must eventually be solved. 


MOTIVATION 


Due to the large capital investment involved, it is even more im- 
portant to consider the advisability of using nuclear power instead of 
a conventional fuel, than it is to select one conventional fuel instead 
of another. The chief legitimate motivations for using nuclear power 
are economic, logistical, ‘and operational. 

The ability to operate without requiring air for fuel combustion 
makes nuclear power attractive for use in submarines. The possibility 
of being able to fly longer distances with greater payloads without 
refueling due to the high specific energy of nuclear fuels makes re- 
actor power attractive to the Air For ce; and for the same operational 
advantage, the Navy is interested in nuclear power for surface ves- 
sels. The possibility of relieving the logistical burden in remote areas 
by using nuclear fuels to furnish heat and electricity has attracted the 
Army Cor ‘ps of Engineers into the field. As yet, however, there are 
no important operational advantages that would encourage the im- 
mediate adaptation of nuclear fuels to civilian land vehicles. 

There is little doubt that use of nuclear energy could increase the 
range of trains, trucks, and other land vehicles just as it can for air- 
craft and naval vessels. This would be an advantage for operations 
in which the desired range of overland operation and rate of fuel con- 
sumption are such that the required fuel supply in terms of weight is 
greater than the weight of a reactor plant minus the weight of the 
conventional powerplant. The following table indicates the relative 
fuel consumption rates and estimated reactor plant weights for var- 
ious types of land vehicles, together with equivalent range for a con- 
ventional plant equipped with additional fuel supply of the same 
weight as the excess reactor plant weight. 








Truck 


freighter Locomotive 


Automobile 


Horsepower developed . : 150 400 1, 500 
Fuel consumption _- [ee per ‘mile. 0.5 2.5 15.0 
Weight conventional plant____---_- Bee ...--pounds 700 3, 7” 35, 000 
Weight fuel supply- Cie a ca 150 14, 000 
Weight nuclear plant (estimated) _- ju SDS oe Cee 100, 000 110, 00 200, 000 
Conventional range "miles 300 300 930 
Range (conventional plant with extra fuel supply equivalent 

in weight to excess weight of nuclear plant and fuel consump- | 

tion rate of locomotive) do. -- 6, 600 7, 200 11, 900 


It is seen that advantages are not clear for nuclear power in terms of 
available range for most civilian purposes. 

In the absence of clear operational and logistical advantages, the 
use of nuclear power for civilian land- vehicle propulsion must await 
improvement in the economic comparison. Such improvement may 
result from the use of much larger and faster vehicles than now in use, 
substantial decreases in nuclear plant cost and weight, and the devel- 
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opment of a supply of economical nuclear fuels. Due to limitations 
on the size and weight of a mobile unit, it is probably not practical to 
think in terms of utilizing breeder-reactors or reactors using low 
enrichment fuel for land vehicles of any foreseeable size. It is con- 
ceivable that as the nuclear power industry expands, highly enriched 
fuel, capable of being used in a small reactor, will become economically 
competitive with petroleum motor fuels, but such a time is not in the 
foreseeable future. 


USE OF FISSION PRODUCTS FOR HEAT SOURCE 


It has been suggested that fission products might be used in place 
of reactor heat for propulsion of a vehicles. The mass marketing 
of even unrefined fission products would require a certain amount of 
what is now very expensive handling. Similar to a reactor, unre- 
fined fission products must be heavily shielded because of the pene- 
trating gamma radiation they emit. In addition, unless adequate'y 
aged, they decline in power output relatively rapidly. A more at- 
tractive system for mobile power would be a pure beta emitting source 
of long life, requiring very little shielding. Here, the processing 
costs are much greater than for unrefined fission products and the 
potential supply is considerably more limited. As the processing 
costs for fission-product refining become smaller, as they inevitably 
will, fission products will be available for specialized applications. 
The following table will give some impression of the i i role 
which fission products may play, should they become economically 
feasible for certain applications. 





Esti- 

Central station ca-| Nuclear power ca-| Estimated gross fis- | mated 
pacity (kilowatts) pacity (kilowatts) sion products energy beta 
(estimated, USA)! (estimated, USA)! (>30 days old)? enerey . 
available 





B. t. u. 
0.0110" 
-_-| 0.0810! 
d 0.32 10'3 
95108 : | 0.8X12!2 
| 210108 | 1.710" 


1 R. P. Peterson, data presented to Atomic Industrial Forum, Nucleonics, vol. 12, No. 5, p. 73, May 1954. 
? Calculations by Army Reactors Branch, AEC. 


As projected by this chart, energy from the entire nuclear industry 
in the form of easily handled beta emitting fission products in the 
A. D. 2000 would be equivalent to 14 million gallons of gasoline per 
year, of which probably less than half would be available due to aging 
during production and distribution periods. The present annual con- 
sumption of gasoline in the United States for motor-vehicle propul- 
sion is 50 billion gallons.t. Financially, the fission products picture is 
not bright either, for other than special uses. At 12 cents per gallon, 
the 14 million gallons of equivalent gasoline are worth less than $2 
million, Assuming that in the year A. D. 2000 refined beta emitting 


American Petroleum Institute, 
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fission products will be available for 1 cent per curie (the present cost 
is unknown but estimated to be much higher), the energy equivalent 
in refined fission products would cost $170 million. 


USE OF ELECTRIC BATTERIES 


It has been thought that as central station power becomes cheaper, 
there may be some incentive for the electric automobile to return. 
Vehicles might be powered by d. c. electric motors, and carry a bank 
of storage batteries which could be exchanged for a new bank every 
few hundred miles. Gas stations would be large electric plants which 
would replace the depleted batteries with charged ones and then re- 
charge the used batteries. The following table gives approximate 
capacities and weights of two storage-battery systems :” 


Power capac- wane Te 
Battery type ity (kilo- stovide % 
7 Me watt-hours kilowatts 


per pound) for 4 hours 





Pounds 


Pb-PbS(% 13, 500 


In the absence of some revolutionary developments in storage 
batteries, it appears unlikely that there is much chance of success for 
this sort of system. 

The present day radioactive battery is not considered to be a serious 
contender in the power-generating field. As presently conceived these 
are limited to at best fractional-watt requirements. 


USE OF NUCLEAR-CHEMICAL FUEL SYSTEM 


It is suggested that a more practical system for propelling small 
vehicles by nuclear energy would result from developments enabling 
use of electric power or heat generated in central station plants to 
synthesize or reconstitute chemical fuel, which could then be used in 
an appropriate engine for propulsion. 

For normal use such fuels would be selected on the basis of lowest 
cost, but it is conceivable that high energy density fuels could be pro- 
duced for use where increased operating range is desired. Such a 
propulsion method offers a mobile power source which would cause 
comparatively little dislocation in the transportation field as we know 
it. General use of this fuel system would in any event have to await 
sizable reductions in the cost of power or a substantial increase in 
the cost of refined petroleum products. 


HAZARDS IN THE USE OF MOBILE NUCLEAR POWER 


There is no apparent reason why nuclear powerplants for mobile 
units could not be constructed so that control of the fission process 
would be dependable and safe. However, in the event of an accident, 


2 Bureau of Ships, U. 8. Navy. 
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should the reactor somehow be destroyed and all the fission products 
dispersed, a real public menace would be created. To give some idea 
of the amount of total gamma-radiation activity present in the fission 
products, the following table has been prepared : 


Fission product activity 


{Relative gamma radiation energy] ! 





| 
600 KW reac- | 10 MW reac- “ a 
20 KT atom | tor (50 days | tor (50 days cranes ‘ en 
bomb continuous | continuous aan old = 
operation) operation) eo) 


Time after release 


21, 000, 000 780 13, 000 600, 000 
5, 000, 000 540 9, 000 600, 000 
350, 000 240 4, 000 600, 000 
110, 000 150 2, 500 600, 000 

5, 000 550, 000 

1, 0 24 420, 000 

35 1.2 ‘ 36, 000 





1 Calculations by Army Reactors Branch, AEC, 


PROBLEMS TO BE OVERCOME BEFORE FEASIBILITY CAN BE ESTABLISHED 


There are three major obstacles to the use of nuclear propulsion for 
land vehicles: High capital investment, high cost of enriched fuel, 
and large size and heavy weight of the necessary shield. It has already 
been pointed out that the cost of enriched fuel will probably decrease 
as a central station nuclear power industry matures. Just how much 
the cost may drop or how long it may take to start falling is not 
predictable at this time. 

Several factors contribute to high capital investment. One, of 
course, is the cost of enriched fuel and the consequent cost of the 
critical mass. In order to keep the critical mass as low as possible, 
scarce and expensive materials are sometimes made necessary, adding 
still more to the plant investment. Another important factor in 
mobile plants is size. In order to keep the core dimensionally small, 
still other special materials such as beryllium must be used. The 
consequences of corrosion are so severe (the possibility of fission prod- 
uct leakage) that more special materials and high safety factors are 
necessary when designing the fuel-containing elements of a reactor 
system. As knowledge and experience are gained with reactor sys- 
tems, and as refining and fabrication techniques with new materials 
are improved, the cost of reactor systems will drop accordingly. Here 
again, the order of magnitude of the potential decrease and the time 
required for the changes to be effected are matters for guesswork 
only. 

An important portion of present reactor costs is that due to the 
containment of the reactor system in the event of a serious accident, 
however improbable it may be. Until reactors are demonstrated to be 
so reliable that the containment provisions are less stringent than they 
appear likely to be for the next 5 to 10 years, nuclear power for land 
vehicles will remain so expensive as to virtually rule out its use for 
civilian applications. 

The greatest single technical drawback to use of reactors for pro- 
pelling small- or medium-size land vehicles is the size and weight of 


70101—56—vol. 2 18 
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the necessary shielding. Personnel must be shielded from both neu- 
trons and gamma rays. Numerous schemes have been devised to opti- 
mize the shielding for various reactors in terms of cost, weight, or size, 
depending upon the application. Most of the schemes are concen- 
trated on the reflection, slowing down, or absorption of neutrons. Un- 
fortunately, shielding from gamma radiation is primarily a function 
of the mass of material between the individual and the source of 
radiation, and his distance from it. Suppose that some day it were 
to become possible to build a 10 megawatt reactor complex 2 feet in 
diameter that reflected or absorbed all its neutrons within that 2-foot 
sphere. This does not seem likely ever to be achieved, but even so the 
following gamma ray shielding would be necessary to protect per- 
sonnel at a distance of 20 feet from the reactor if the tolerance dose rate 
were 6 mr/hr, the currently accepted level for 50-hour exposure per 





Outer diam- Shield 
Material eter of shield weight 
(feet) (pounds) 





10, 000 
Ordinary concrete : 129, 000 
ee Sey NS CRD oo a icc ccclanscanepedsseceuadunesundooe« . 52, 600 


The problem as outlined above is oversimplified. In engineering 
these shields, complications due to the necessity of cooling the shield, 
extracting power from the core, incorporating radioactive auxiliary 


systems, and providing necessary structural elements would increase 
the weights indicated substantially. In practice it is generally very 
difficult to provide a power reactor of any significant rating with a 
practical operating shield under 50 to 100 tons in weight. It can 
therefore be seen that the tabular figures represent an idealized ulti- 
mate using those ordinary materials. 

If unrefined fission products were to be used, the shield required 
would be considerably larger than that indicated in the table, for 
equivalent power. 

NEW DEVELOPMENTS 


Reduction in the size of thermal reactors generating useful power 
is primarily a question of developing materials that possess good 
nuclear properties and superior physical properties at high tempera- 
tures. All likely materials are investigated for such use and some 
progress can be expected from this work. 

Reduction in the cost of reactor systems will result primarily from 
an ot or industrial capacity to.provide special materials and 
manufacturing facilities necessary to the fabrication of the required 
components. If superior materials can be found which are more 
abundant in supply and simpler to work with than those now found 
necessary, cost improvements would also follow. 

The shielding requirements for reactors are a subject of constant 
study. New materials such as those denser than lead look promising 
from a performance point of view and may improve the present out- 


* Calculations by Nuclear Power Branch, ERDL, Fort Belvoir, Va. 


» 
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look, but probably will not be economically feasible for some time 
to come. An increased understanding of radiological hazard and 
the effect of radiation on the human body could influence tolerance 
levels at some future time and thus affect the shielding problem. 

The safety hazard is an area where experience will probably answer 
most current questions. Reactor systems are always sought which 
incorporate inherent safeguards against a reactor incident. Special 
devices can improve the outlook for the future, but the collision hazard 
in vehicles is a very serious problem. Operational experience is the 
prime requisite in order that the hazard of reactors can be realistically 
evaluated and minimized. 

So-called fast reactors, although radically smaller in size than 
thermal reactors, offer no apparent advantages for mobile use. They 
now present enormous shielding, safety, and engineering problems 
in connection with their application as well as the economic disad- 
vantage associated with a relatively Jarge critical mass of enriched 
fuel. 


MILITARY LAND VEHICLES 


In a broad sense, the same technical problems which apply to 
civilian use of nuclear-powered land vehicles face the military in 
application of this source of propulsion to their special requirements. 
Important differences occur, however, in the areas of economic com- 
parison and supply of enriched fuel. The economic justification of 
nuclear power for naval vessels and military aircraft is not an issue. 
It is a simple fact that tactical missions which are impossible for con- 
ventional craft become possible with nuclear power. The basis for 
a legitimate economic comparison, an equal task, is lacking. Just so, 
a workable nuclear-powered tank would permit a scope of operations 
in the battle area which could not be sustained with conventional pro- 
pulsion, and, therefore, would confer on the nation so equipped a 
strategic and tactical advantage that could not be measured in 
conventional economic terms. Assuming the supply of enriched fuel, 
although perhaps not ample to sustain widespread civilian use, would 
permit limited vehicle propulsion for the military, the remaining ob- 
stacles to successfully developing nuclear-powered military vehicles 
are purely technical. How large and heavy a tank, for example, can be 
utilized in a battle area? Can an acceptably rugged, reliable, and safe 
power unit be developed to meet minimum requirements in the overall 
weapon? The technical problems here are much the same as face 
commercial applications. Shield size and weight, overall vehicle 
size, restriction of radioactivity hazard in the event of casualty, 
and a cost which would permit consideration of such a weapon in some 
quantity are perhaps the greatest obstacles. Trailer-mounted power- 
plants, striving for the same characteristics of compactness and low 
weight that must be achieved in a propulsion plant, might be a valu- 
able step in this direction of a tactical combat vehicle. It seems ap- 
parent that serious development of this vehicle should be undertaken 
when enough progress is made in the basic fields of materials, systems, 
and components. 


LAND VEHICLES 


In areas where there are vast, undeveloped wastelands, such as in 
the polar ice regions, deserts, and prairie lands, the expense of building 
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a road or railway net for overland transport might be avoided by clear- 
ing a right-of-way for a huge, large-tired vehicle with a nuclear-pro- 
pulsion plant. This might haul freight on trailers with a payload 
sonal to a small railroad operation at a speed higher than per- 
mitted by normal cross-country operations due to the large wheels 
used. An industrial firm has recently developed a vehicle resembling 
this type for use in snow by Alaskan freight haulers, but the size and 
sapacity of that machine is not such as to warrant the use of nuclear 
power. 
CONCLUSION 


The advantages that may be cited for the use of nuclear power in 
land vehicles today or in the near future are the operational advan- 
tage of traveling very long distances without need for refueling and 
the possibility that this may be done at higher speeds than would be 
permitted by conventional rates of fuel consumption. A vehicle de- 
signed for such a task would be extremely large and heavy, and very 
expensive by conventional standards. It would today represent a 
considerable radioactive hazard to the surrounding area in the event 
of an accident releasing its fission products. It appears that the rail- 
road locomotive, even now a large and heavy piece of equipment, will 
be the first vehicle eligible to consider use of nuclear power. Its area 
of operation being limited to railroad right-of-way, the problems of 
potential hazard would be somewhat simpler to control, although the 
probability of such operation being economically justified does not 
seem great for at least 10-20 years. Eventually, however, nuclear 
power represents a source of energy which could replace petroleun 
fuels for land transport should these become less plentiful. 


CoMMUNICATION From PANEL to Aromic ENercy CoMMISSION 


SEPTEMBER 27, 1955 


* * * * ™ ad * 


You will recall that a series of questions were provided prior to 
the panel discussion [of applications of nuclear power to land vehicles] 
and that during the discussion it was agreed that you would answer 
these questions in a memorandum addressed to the panel. 

* * * * * * ® 


CoMMUNICATION From Atromic ENerGy COMMISSION 
Ocroser 3, 1955 


You will find enclosed replies to questions raised on the prospects for 
atomic propulsion of land vehicles at a session of the * * * panel. 
These are being forwarded * * * in accordance with the * * * re- 
quest of the panel. 
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REPLIES TO QUESTIONS ON ATOMIC PROPULSION OF LAND VEHICLES 


Question 1. Is it your conclusion that the only feasible commercial 
application of nuclear power to land vehicles now foreseeable is for 
locomotives ¢ 

Answer. Yes. Feasibility has yet to be achieved so far as economics 
and safety are concerned, but the characteristic of nuclear plant size 
and weight which is a major deterrent to its use in smaller vehicles 
_probably will not be a serious problem in locomotives. 

Question 2. What size atomic-power locomotive would be the mini- 
mum feasible from both the technical and economic viewpoint? Are 
they the same? 

Answer. The minimum feasible output of an atomic locomotive from 
a purely technical point of view is smaller than any useful unit. Nu- 
clear plants can be built with as small a power rating as desired. The 
size of the locomotive in the range of interest 1,500 to 3,000 housepower 
would not vary appreciably with output, and such a unit would prob- 
ably consist of two cars, each similar in size to a locomotive of similar 
rating today. One car would accommodate the reactor and shield over 
the drive wheels while the other would carry the remaining plant and 
controls. It is likely that the plant-equipment car might be somewhat 
lighter than the reactor car. 

The minimum feasible locomotive plant output from an economic 
point of view is governed by railroad operation requirements and the 
likelihood that costs would not decrease substantially as power output 
is decreased. This would indicate that the largest size useful loco- 
motive, say about 3,000 horsepower, should be the first to attain eco- 
nomic equality with conventional plants. The smallest physical size 
that would be economically acceptable is probably not meaningful to 
estimate without much more study. A guess would be that no more 
than two cars of the length and weight of a conventional locomotive 
would be acceptable due to track and maintenance considerations. 

Application of the two criteria above is favorable since they indi- 
cate that a plant of useful and applicable size is not ruled out 
technically. 

Question 3. What is the minimum size atomic locomotive that can 
be visualized and how many power units of this size are now in rail 
service ? 

Answer. As previously stated, a feasible atomic locomotive would be 
significantly larger in size and weight than any conventional units in 
routine operation. One experimental unit which is a joint enterprise 
of several major maufacturers is a coal-fired, steam-turbine-driven unit 
about 160 feet long, weighing 586 tons, and delivering 4,500 horse- 
power. This unit is being evaluated for its performance characteris- 
ties. It is of importance as an indication of railroad interest in larger 
units than those now in use. 

Question 4. How many locomotives are there in the United States? 
How many are replaced annually? What proportion of rail service 
would lend itself to ideal pattern for atomic locomotives? 

Answer. There were about 33,000 locomotives in service in the 
United States on January 1, 1955. 

The rate of replacement varies considerably from year to year, but 
over the last 5-year period has averaged about 2,400 units per year, 
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practically all diesel-electric. Most retirements from service over the 
same period consist of steam units. This average procurement rate 
represents about a $400 million annual expenditure. 

Railroads annually haul approximately 1.4 billion tons of all com- 
modities an average distance of about 450 miles. The portion of this 
traffic that corresponds to an ideal pattern for atomic locomotives 
would consist of that shipped for long distances with a premium on 
speed. Statistics on 1954 traffic show that approximately 0.2 percent 
of total traffic was hauled over 2,000 miles while an additional 4.1 per- 
cent was hauled from 1,000 to 2,000 miles. There is no available 
information on the desirability of speed in hauling this traffic. 

Question 5. Assuming solution of safety problems and assuming 
economic competition, what would be the total annual dollar volume 
for atomic locomotives both technically and economically feasible in 
your forecast ? 

Answer. Based on the present-day railroad plant, which may be 
accepted as a minimum forecast for ‘the plant when atomic locomo- 
tives become competitive, it is estimated that an annual expenditure 
of from 1 to 2 billion dollars would result from a complete conversion 
of new procurement to atomic locomotives. This would correspond 
to from 3 to 5 times the current expenditure rate and would reflect 
principally an increased construction cost per unit. 

Question 6. If atomic locomotives come into use, will there be any 
parallel to the shift in manufacturing activity which occurred in the 
shift from steam to diesel power under the impetus of the Navy sub- 
marine dieselization program ? 

Answer. The present locomotive manufacturing industry, almost 
exclusively devoted to diesel-electric, is characterized by its capacity 
to produce heavy cast and forged steel shapes, with a considerable 
quantity of precision machining that is required for reciprocating 
engines. The skills necessary for construction of an atomic locomo- 
tive might differ somewhat from these since in such plants com- 
ponents resemble more closely the closed heat exchanger and piping 
systems of chemical plants. Emphasis would be required on handling 
of unusual materials and welding and metal-joining techniques. The 
gas turbine might assume a new prominence. However, since about 

half of the firms now supplying the bulk of locomotive equipment are 
actively engaged in atomic energy work it appears likely that their 
interest in retaining the locomotive business would lead them and 
the others to accommodate any required changes in manufacturing 
facilities and skills. Therefore the outlook is that a major shift in 
manufacturing activity is not likely although substantial changes in 
the skills and facilities may occur. Any opinion offered now is purely 
conjectural. 

Question 7. What other impacts than that on the manufacturer 
might flow from a shift to atomic locomotives? For example, would 
the health and s: afety problems have any effect on the character of 
service, on the maintenance shops, on location of terminals, etc. ? 

Answer. A complete shift to atomic locomotives, which assumes 
that radiation safety and economic questions are resolved, would have 
considerable impact on the railroad company but probably only minor 
effect on the public. Health and safety would become an important 
segment of railroad operations and maintenance. Tracks might have 
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to be altered to accommodate heavier and longer locomotives if these 
were necessary. Railroad crossing grade separations would probably 
be mandatory in the interest of safety. Skills not now present in 
engineering sections would become standard. These would include 
physicists, radiochemists, reactor engineers, and others. Higher 
performance equipment might make it necessary to adjust the basis 
of present wage-rate schedules, and other management-labor ques- 
tions in general would arise. So far as the public is concerned it does 
not seem likely that terminal location and the character of the service 
would change substantially. Schedules might be shortened somewhat 
but not in a major way. 

Question 8. What changes if any do you make in your estimates of 
probable developments if the cost of nuclear fuel were to drop sub- 
stantially? Specifically, would the prospects for atomic land vehicles 
change appreciably even if the cost of fuel were to be reduced to zero? 

Answer. There would be no significant change in the present esti- 
mate of probable developments with low- or zero-cost fuel. The 
objections to all land vehicle use include as well the size, weight, and 
cost of the powerplant, and the safety problems. In the locomotive 
field economic competitiveness would certainly be attained sooner 
with no-cost fuel, but the estimate of a minimum of 5 to 10 years for 
feasibility to be demonstrated still applies. 








BACKGROUND MATERIAL FOR CHAPTER 8 


REPORT ON INDUSTRIAL UTILIZATION OF RADIOAC- 
TIVE BYPRODUCT MATERIALS 


By Edwin A. Wiggin, Manager of Technical Information, Atomic Industrial 
Forum, Inc., New York City 


PRESENTATION TO THE PANEL ON THE PEACEFUL USES OF ATOMIC 
ENERGY 


By way of introduction, I should like to call your attention to the 
rather unique position that the isotopes program has had in relation 
to other developments in atomic energy. From the time that radio- 
isotope distribution was initiated over 9 years ago by the Manhattan 
District, it has been afforded considerable attention by AEC as the 
one program almost completely unclassified and exclusively concerned 
with the constructive or peacetime development of atomic energy. 
As such, it has repeatedly been brought to public attention, which in 
turn has caused it to a, very rapidly. The program has also been 
the vehicle by which AEC in many instances has not only developed 
industrial recognition and interest in atomic energy but also the 


means by which AEC even as early as 1948 was able in a limited, but on 
a free enterprise basis, to bring industry into the operations side of its 
activities. Here we have reference to the manufacture of instrumen- 
tation, the processing and packaging of radiomaterials, and the offer- 
ing of various types of allied services. 

While in a publicity sense the isotopes program has received ample 
recognition, in terms of expenditures it has been a very minor _ 


of AEC’s far-flung activities. Even today it is only a million-dollar- 
a-year business to the Government. Also, in recent years, increasing 
expenditures of Federal and private moneys on reactor development 
has tended to overshadow the industrial applications of byproduct 
materials even though they have continued to expand. The routine 
nature of a few applications by an increasing number of firms, the 
increasing variety of unrelated research and development programs 
employing isotopes, and the company confidential nature of many 
of these applications have also tended to obscure the increasing size 
and importance of isotope utilization. 

_The net effect of these various complexing factors makes any quan- 
titative evaluation of isotope utilization extremely difficult; hence, 
the summary to follow will be largely qualitative. Also, within the 
scope of this report, no mention will be made of the use of massive 
byproduct sources of radiation for such purposes as the sterilization 
of drugs and foodstuffs, the initiation of eck reactions, the physi- 
cal and chemical alteration of commercial products, and so forth, 
since this subject will be covered in another report to this panel. Nor 
will this report attempt to cover the same information as we are 
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informed has already been made available to the panel in such pub- 
lications as the AEC’s Eight-Year Summary of Isotope Distribu- 
tion. 

Beyond a review of certain industrial applications, this report will 
address itself to some of the production and distribution problems 
currently confronting the program. Finally, I should like to make 
a few observations concerning the future of radioisotope utilization. 


APPLICATIONS 


Today reactor-produced radioisotopes are being employed by some 
1,200 different industrial firms which comprise approximately 50 
percent of the total number of using institutions. Industry has been 
the recipient of an even higher percentage of the total quantity of 
radioactivity shipped. Of the 1,200 industrial users, approximately 
one-half can be accounted for as users of radioactive sources of cobalt, 
iridium, and cesium for radiographic testing or as users of radioactive 
thickness gages; AEC reports 350 radiography users and 300 thick- 
ness-gage users. These two applications can thus be used as a partial 
index of the economic impact of isotope utilization in industry. 
Radiographic testing 


The use of radioisotopes in radiographic testing is an extension of 
an established technique which has employed and still employs radium 
and X-ray machines. The advantages offered by radioisotopes as 
compared to radium and X-rays include cheaper costs, greater avail- 
ability, and increased versatility. Depending on the size of the source 
and the nature of the setup, the use of radioactive cobalt, for example, 
appears to be 2 to 20 times cheaper than X-rays. In fieldwork, i. e., 
in testing welds in pipelines and in construction work where a portable 
source is required, it is the only source of radiation available if one 
eliminates the possibility of using radium, which because of its limited 
availability and high cost is prohibitive for most applications. 

The economic implications of this particular itsotope application are 
difficult to evaluate. Neither the original production and sale (at 
current AEC prices) nor the secondary industrial encapsulation of 
these sources involve large sums of money. Also, in most instances, 
very little accessory equipment is necessary. Hence the monetary 
significance of this application takes the form of savings to the indus- 
trial firms employing the testing technique. And even here the savings 
are generally in terms of reduction of manpower time on subsequent 
operations such as in the machining of a casting or the saving of ma- 
terial in a weld, cast, or fabricated assembly, both of which may be 
quite appreciable but which are difficult to translate into terms of 
dollars and cents. 

One radiographer recently reported that established fabrication 
codes of the American Society of Mechanical Engineers and the Amer- 
ican Petroleum Institute permit an increase from 80 to 90 percent 
in the allowed strength of a welded seam if it is inspected by radiog- 
raphy. Hesaid: 

This means a 12-percent saving in the plate thickness and hence in the tonnage 
of steel used, and nearly 25 percent saving in the volume of the welding. 

As another example, the availability of comparatively large sources 
of radiocobalt has permitted radiographers to develop the so-called 
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one-shot technique where an entire pressure vessel can be radiographed 
in a single oqeret. Using this technique, it has been “oe that 
the radiographic testing of a 50-foot-diameter sphere can be done for 
about $3,000; the saving in steel alone by such an inspection amounts 
to about $9,000. 

Although it is not reasonable te extrapolate these savings to the total 
number of firms using radioisotope* for radiographic testing, it can 
be assumed, I believe, that the accrued savings to date would total tens 
of millions of dollars. 


Radioactive thickness gages 


The economic significance of the radioactive thickness gage would 
appear to differ from that of radiographic testing in the following 
respects: (1) Application of the thickness gage means not only a sav- 
ings to the user but an appreciable source of revenue to the manu- 
facturer (the radioactivity through an integral part of the gage may 
represent only 1 to 2 percent of the total value of the installed gage) ; 
(2) the gage has a proved applicability in a variety of manufacturing 
industries besides the metalworking industry including rubber, paper, 
placties, glass, etc.; and (3) the principle of the radioactivity thickness 
gage makes it applicable to many other gaging requirements including 
the measurement of density, height, liquid level, and possible weight. 
An example of such an adaptation is the density gage used by a ma- 
jority of the tobacco industry in cigarette manufacture. This one 
type of gage now exceeds the number of gages installed by any other 
single industry. 

Depending upon the amount of accessory electronic and mechanical 
equipment accompanying a radioactive thickness or density gage, its 
price will generally range between $5,000 and $25,000. An order of 
magnitude estimate on the money tied up in installed gages today 
would be 10 to 20 million dollars. 

The savings realized by users of such gages is somewhat more diffi- 
cult to project. A number of companies have, however, reported on 
their individual experiences which may be helpful in giving an order 
of magnitude approximation. 

A manufacturer of coated abrasives, for example, has reported that 
the installation of a series of five radioactive thickness gages on his 
production line more than paid for themselves in the first year of 
operation. The company distributed the estimated $100,000 savings 
according to the following percentages: 45 percent in better use of 
raw materials, 15 percent in reduction of rejections, 13 percent in re- 
duction of waste material, 12 percent in reduction of machine down- 
time, 7.5 percent in reduction of inspection personnel, and 4 percent 
in faster operating speeds. 

One manufacturer of thickness gages has reported that paper mills 
using such gages have demonstrated a reduction in weight fluctuations 
by a factor of 2 to 4 resulting in substantial operational savings which 
in turn were considered no more important than the improvement in 
quality achieved. In the case of a large paper machine, the savings 
in material alone would amount to tens of thousands of dollars 
annually. Nor does the type of material being gaged have to be high 
priced in order to realize an appreciable cost reduction. For example, 
another gage manufacturer has reported a savings or increased profit 
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by a user of his company’s gage in manufacturing fiberboard for milk 
cartons. The carton manufacturer in turn is reported to have found 
that the better quality fiberboard meant money to him in reducing 
the jams in his bending machine. A rubber company has reported 
that as a result of their. using radioactive thickness gages, savings in 
some cases have run as high as 5 percént of the material processed. 

Of course, these are isolated examples which cannot be extrapolated. 
However, the leading manufacturer of sources for these gages has 
estimated that radioactive thickness g: age sales have a potential during 
the course of the next few years of $2 25 to $50 million; and if this 
potential is realized, it is not unreasonable to estimate that the : accrued 
savings from the use of such gages will amount to several millions in 
the next few years. 


Other isotope applications 

The industrial applications outside gaging and radiography are 
much too varied to permit even the sketchy type of analysis indicated 
above. A number of them falling into the general-use classifications 
of studying wear, marking, and ionization are sufficiently well devel- 
oped, however, to have proved their practical and economic worth. 

As a now classic example, a leading petroleum company has reported 
that in using radioactive piston rings to study various lubrication- 
wear problems in diesel and gasoline engines, it was able to obtain 
more information in 4 years for $35,000 than would have been possible 
without the tracer technique in spending $1 million over the course of 
60 years. 

The same company has also reported, as you probably know, the 
results of a single experiment where the use of a radioactive byproduct 
to mark the flow of catalyst at very little cost to the plant prevented 
a $100,000 shutdown of a unit in their refinery. In another type of 
marker application a number of petroleum companies are routinely 
using radioisotopes to locate the interface between two crudes flowing 
through an overland pipeline. The total reduction in quantity of 
crude to be recycled as a result of a sharper identification of the inter- 
face at the various takeoff points accounts for a total savings of about 
$500,000 a year. 

Of the applications employing radioisotopes as ionizing sources of 

radiation, perhaps the simplest and curr ently best known is the electro- 
static eliminator. This gadget, whose operation can be based on the 
alpha radiation from either reactor-produced or naturally occurring 
polonium, has a wide utility on almost any piece of heavy machinery, 
for example, a printing press, that builds up an electrostatic charge 
during its operation. Some users have reported savings equivalent 
to the $200 to $300 cost of the polonium bar in the first day’ S operation. 

These are but a few examples of a variety of applied applications 
which range from locating fouled pneumatic mail-carrier tubes in a 
40-acre plant system involving 8,000 linear feet of tubing and han- 
dling 1,500 to 2,000 messages per day, to measuring tire-tread wear to 
determining the efficiency of a home laundering unit. In a forum 
survey released earlier this year, it was estimated that between 1954 
and 1958 private industry would spend on the order of $30 million 
for radioisotope preparation and applications. 





PEACEFUL USES OF ATOMIC ENERGY 


An even larger number of radioisotope applications have been used 
in various types of research and development activities for which there 
are no immediate savings or profit incentives. It is no easier to put 
a dollar sign on this kind of activity than it is to put a dollar sign on 
any type of research. But this, of course, does not preclude the possi- 
bility of many such applications having an ultimate economic sig- 
nificance. 

RADIOISOTOPE PRODUCTION 


I should now like to turn briefly to a few radioisotopes production 
problems. In the main, I will confine my comments to those eave 
which are pertinent to industrial application of the materials and to 
those which may prove a deterrent to wider application if corrective 
steps are not taken in the near future. 

By way of background on this phase of the program, I think it is 
generally recognized that AEC’s production of a wide variety of com- 
paratively small quantities of radioisotopes for experimental tracer 
studies has not only been adequate, but outstanding. But I think it 
is also fair to say that AEC’s radioisotope production schedules and 
pricing policies have been largely geared to academic and institutional 
requirements rather than to anticipated industrial demands. 

AEC is currently using six different reactor facilities in its isotope- 
production program. Even including the old air-cooled graphite re- 
actor at Oak Ridge, sometimes affectionately referred to as the model 
T, which is totally inadequate for the production of high specific 
activity, long-lived materials, all these reactors were designed and 


constructed for other purposes. The result is that isotope produc- 
tion in these facilities is carried out on an intermittent and compara- 
tively low-priority basis. Again for the production of tracer ma- 
terials these arrangements have pos quite adequate but for the 


production of large quantities of high specific activity radiocobalt 
for medical and industrial uses, for example, they have proved a seri- 
ous bottleneck. 

Perhaps some of the difficulties could be alleviated if AEC made a 
more intensive effort in trying to anticipate industrial demands and fix 
production schedules accordingly. Admittedly, this is not an easy 
undertaking. As an example, I cite AEC’s production and accumula- 
tion of some 20,000 curies of radiocobalt in a variety of shapes and 
sizes for which the demand over a 3-year period was almost. negli- 
gible. In the following 12 to 18 months the supply was completely 
exhausted, partly because of an increased interest in the material 
and partly because of AEC’s lowering the price in an effort to move it. 

It would appear that one approach in trying to avoid a recurrence 
of this type of thing and to find a workable solution for meeting 
future industrial demands would be to seek out industrial opinion and 
consultation. I submit that the mechanics for this already exist in 
AEC’s advisory committee on isotope distribution. Although the 
makeup of this committee has always been oriented to medical and 
academic interests (only 1 of the 7 current members is an industrial 
representative) industry now represents 50 percent of the total number 
of isotope users and should in any event be more adequately re- 
presented. 
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In answer to those who may advance the idea of turning over 
all isotope production to free competitive enterprise as a possible 
solution to the problem, let me cite the findings of two independent 
industrial studies of some few years ago, both of which concluded 
that it would not be economically feasible to build and operate a re- 
actor in the near future solely for the production and sale of radio- 
isotopes at established AEC prices. Although the possible industrial 
processing of spent fuel elements from private power reactors now 
contemplated prove an economically feasible source of fission product 
isotopes, it would not solve the problem of an increasing demand for 
neutron-induced materials. 

This brings us to a consideration of AEC pricing policies for radio. 
isotope sales. Although isotope prices have been set and adjusted to 
meet out-of-pocket costs, that is, at an overall break-even point, they 
do reflect an appreciable Government subsidy since they do not in- 
clude any amortization of either the production or processing facilities 
used. Further, the price for any specific radiomaterial is not based 
on what it costs to produce that material; rather, prices are arbitrarily 
set so that total revenues from all sales equal total out-of-pocket costs, 
This means that the prices on some materials are ‘idjaaten upward as 
they relate to production costs while others are lowered, depending 
on what the traffic will bear. 

AEC has received a few preliminary proposals from private in- 
dustry to take over the processing of certain isotopes either as fission 
products from spent-fuel elements or from bulk irradiated materials 
produced by neutron absorption. However, turning over part of the 
production and processing to private industry would completely throw 
out of balance the arbitrarily set pricing structure now used. There 
also appears to be a feeling in some quarters of AEC that such an 
approach would not protect the taxpayers’ investment in the facilities 
which have been built for this purpose. 

Although no simple solution to the pricing problem is immediately 
apparent, there is little doubt that some prices will have to be sig- 
nificantly lowered if truly large-scale application of the materials 
is to be realized. It would also appear that a prerequisite to finding 
a workable solution to the pricing problem would be a realistic and 
exhaustive study of isotope-production costs reported on an entirely 
unclassified basis. 


RADIOISOTOPE DISTRIBUTION 


As you know, the distribution of isotopes is based on a licensing sys- 
tem where, almost since the inception of the program, the sole criterion 
for authorizing an application has rested with the applicant’s furnish- 
ing proof of adequately trained personnel and suitable facilities to 
assure safe use of the materials. To the extent that there is on the 
record, at least to my knowledge, no single incident of personal injury 
resulting from the use of reactor-produced materials, the distribution 
program has been extremely well administered. I think this is to the 
credit of the AEC and particularly to its Isotopes Division. 

AEC is also to be credited on other details of its administrative 
handling of the program. For example, early in the program AEC 
determined that inventions and discoveries resulting from isotope 
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applications should be subject to normal patent protection rather than 

being held by the Government or released for public use as has been 
the case in other atomic-energy patents. Through continued educa- 
tional efforts AEC has been instrumental in preventing unnecessary 
increases in insurance premiums and workmen compensation rates in 
institutions using radioisotopes. It has also assisted in the training 
of personnel and worked with such groups as the National Bureau of 
Standards in the preparation of necessary working standards. It 
worked with the Interstate Commerce Commission and the Civil Aero- 
nautics Board in setting up safe limits for the packaging and shipment 
of radioisotopes. When the handling of byproduct waste materials 
appeared to be one some concern among isotope users, AEC set 
up arrangements for the return of such wastes to AEC facilities for 
disposal. These are but a few of the responsibilities AEC has under- 
taken in promoting wider use of these materials. 

Notwithstanding these accomplishments, there is needed, in my 
opinion, a major change in the philosophy of isotope distribution. If 
AEC has been negligent in handling the program in any way, this has 
been in its failure to issue regulations to cover the program. It was 
not until 1953, over 7 years after radioisotope distribution was initi- 
ated, that regulations outlining the criteria under which radioisotopes 


would be distributed were finally issued. Today, over 9 years after the 
program started, the first regulation covering the health and safety 
aspects of isotope utilization is still to be promulgated—this, even 
though AEC went on record over 2 years ago in indicating that some 
of these regulations were ready for publication. 

At the outset there was no precedent for distribution of the quan- 


tities of radioactivity that would be involved and thus it was assumed, 
and quite reasonably so, that a less formal method of controlling the 
disteTbation and use of radioisotopes would be desirable until such 
time as sufficient experience had been gained to draft reasonable regu- 
lations. When the program was small, most of the applicants were 
known to the persons responsible for issuing the authorizations. Even 
when this was no longer possible, the persons endorsing the applica- 
tion were generally known to AEC. With the rapid expansion in the 
program these circumstances have now markedly changed, and I sub- 
mit that the control procedures should also be changed. 

This is not to suggest that the safety record established by AEC 
should in any way be compromised. But it seems to me that changing 
distribution control from a system involving a detailed review of a 
license application, issuance of an authorization, and no subsequent 
control beyond a gentleman’s agreement to a system of licensing with- 
out detailed review backed up by appropriate regulations would offer 
advantages to both AEC and the user. Under the present system 
much of the responsibility for safe use of the material ultimately lies 
with AEC; under the alternate system this responsibility would shift 
in large measure to the user. Also, industry, I believe, would welcome 
published ground rules upon which to base its use of radioactive mate- 
rials. In fact, I would guess that some industrial firms are hesitant 
toemploy isotopes in any major way until such ground rules have been 
spelled out. 

This suggestion, of course, is premised on the assumption that 
during the past 9 years industry—as well as other isotope users—have 
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learned to handle radiation and radioactivity in a safe manner. | 
believe they have. In evidence of this I should like to cite a state- 
ment made last month by the New York State Department of Labor 
in announcing that its radiation code would go into effect in December. 
The department indicated that the code would effect “approximately 
150,000 New York State workers * * * employed in industries where 
exposure to the effects of industrial radiation is possible.” If we 
assume that each of the approximately 150 industrial firms using AEC- 
produced radioisotopes in New York State employs 100 persons who 
may be exposed to radiation from radioisotopes—which incidentally 
seems a high estimate—some 135,000 employees are exposed to radia- 
tion originating from sources other than reactor-produced radioiso- 
topes, e. g., radium, cyclotron-produced radioisotopes, X-ray ma- 
chines, etc. If industry had not learned to live with these sources of 
radiation and there was evidence of bodily injury resulting from such 
sources, I believe that it would have come to public attention. 


CLOSING REMARKS 


In closing I should like to hazard a few guesses as to the future of 
this business. I have no doubt but that the economic impact which 
radioisotope utilization will have during the next 5 years will be several 
times larger than what it is today. The rate at which this future 
growth will take place will depend initially, I think, on distribution, 
control, attitudes, and procedures and subsequently on the economics 
of the application developed. A major impact will be felt when iso- 
topes become an integral part of certain consumer goods, and I think 
that day is not far off. 

Others have also used the crystal ball in looking ahead. C. W. 
Wallhausen, vice president of United States Radium, which is 
probably the largest fabricator of radioactive sources for radioactive 
control gaging and other applications, intimates that with the right 
incentives some $250 million worth of business can materialize “at 
once” from the industrial use of radioisotopes. D. E. Hull, of the 
California Research Corp., said recently : 

The continuous monitoring of refinery streams and processes with application 
to automatic control is foreseen as a logical development of the next decade. 

And, of course, you are all familiar with AEC’s estimate that 
industry is already saving $100 million a year through isotope appli- 
cations and that this savings will increase to an annual rate of a 
billion dollars within 10 years. 

Each of these estimates, I am sure you would agree, hold much for 
the future fate of the radioactive atom in industry. 


APPLICATIONS OF RADIOACTIVITY IN THE Forp Moror Co. , 
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INTRODUCTION 


The advent of the atomic age has provided man with an entirely 
new bag of tools from which he can select new ways to make war, to 
live longer, to develop new industrial materials and processes, and to 
generate power. 

The constructive applications of atomic energy have, from the start, 
stimulated considerable interest in industry, especially in the auto- 
motive industry. This report has been prepared to illustrate such 
applications in the Ford Motor Co. These applications have been 
grouped under the following categories: Radiography, nondestructive 
testing, gaging and control, tracer techniques, static neutralizers, 
procesing, power reactors, and fundamental applications. 

Within the Ford Motor Co, there are several groups employing 
radioactivity, each making specific applications to their field of en- 
deavor. These include the scientific laboratory, engineering staff, 
where fundamental long-range research is conducted ; engineering re- 
search, engineering staff, where automotive engineering measurements 
and tests are carried on; and manufacturing research, manufacturing 
staff, where new materials and manufacturing methods are developed 
and applied. In addition, there are several operating divisions of 
the company which utilize radioisotopes for specific applications. 

Some of the Ford applications are unique, but the majority are par- 
alleled in other industries. The field is still new enough to permit 
considerable additional exploitation. 

This report briefly describes typical applications which are in vari- 
ous stages of development. In order to provide detailed information 
on specific applications, appendixes are attached for reference. The 
appendixes include reprints from technical journals and typical con- 
fidential reports to management of completed projects or programs in 
ere nay applications. [Appendixes therefore not included 

ere. Ed. 

Individual applications may originate anywhere in the company. 
Many problems develop which can be solved only by using radioactive 
materials. A problem which appears to lend itself to radioisotope 
technique is referred to 1 of the 3 laboratories and it is studied before 
initiation to determine its feasibility. 


HISTORICAL NOTES 


Historically, the first application in the Ford Motor Co. started with 
the use of natural radioisotopes, such as radium, for radiographic 
purpose about 1934. Because of the high cost and scarcity of material, 
extensive applications did not develop. However, at the close of 
World War II, when additional radioisotopes became available 
through the Government, interest was renewed. After some prelimi- 
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nary study in 1947, 40 millicuries of cobalt 60 were received in June 
1948 from Oak Ridge by the activity which is now the manufacturing 
research department. ‘This shipment is understood to have been the 
first made from Oak Ridge by commercial carrier transit to an indus- 
trial organization. 

Intensive studies of potential applications to all company opera- 
tions followed. Many of the applications which are now in common 
use were evaluated and pioneered during this period. In 1951 a group 
at engineering research was organized to apply radioisotopes to auto- 
motive research. At about the same time the scientific laboratory was 
founded, with the inclusion of radioisotope research activities. The 
applications of radioactivity in one form or another have steadily in- 
creased until today the various techniques have become well recognized 
tools of research, and engineering and manufacturing development. 


LABORATORY FACILITIES 


Laboratory facilities for the use of radioactive materials vary con- 
siderably throughout the company, depending largely on the require- 
ments of the types of applications under study. In some cases it has 
been possible to add minor necessary facilities to an existing labora- 
tory, such as an X-ray radiographic laboratory or an X-ray diffrac- 
tion physics laboratory. For other applications, it has been necessary 
to establish completely new facilities. All laboratories are equipped 
with radiation detectors and counting equipment, and associated in- 
strumentation and safety equipment. The personnel working with 
radioactive materials are highly trained nuclear piysicists, engineer- 


ing physicists, and X-ray or physics technicians. Wherever possible 
commercially available equipment is purchased for both experimental 
and applicational work. In the instances where this equipment is 
either not available or unsatisfactory, suitable equipment is designed 
and constructed in our own laboratories. 


PROTECTION OF PERSONNEL AGAINST RADIOACTIVITY 


No report can be made on the subject of radioactivity without con- 
sideration of radiological health precautions. Every possible effort is 
made to insure absolute safety in handling and working with radio- 
isotopes. Precautions and radiation safety levels established by the 
Atomic Energy Commission form the basis for such a safety program. 
Survey meters, film badges, and radiation pencils are used to monitor 
dosages. Periodic inspection by the State health agencies and the 
company industrial hygiene department, together with periodic em- 
ployee white blood counts at the hospital are all part of the program. 
Sources of radiation are adequately shielded in special containers and 
in most areas stored in locked underground vaults. 

Initial applications are carefully evaluated. Authorization to pur- 
chase the radioactive material and to proceed with the development 
of the application is obtained from the Atomic Energy Commission. 
Radiation levels are kept to a minimum in all operations, and informal 
educational programs are conducted for untrained personnel asso- 
ciated with the operations. In field applications, all radioactive mate- 
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rials are oe in locked containers to prevent unauthorized individuals 
from handling the materials or otherwise exposing themselves to 
radiation. 

APPLICATIONS 


RADIOGRAPHY 


The most common use of radioactive materials is for radiographic 
inspection to complement conventional X-ray radiography. Gamma 
ray emitters such as cobalt 60, selenium 75, cesium 1387, and iridium 
192 are most generally used in this application. They provide ener- 
gies comparable to X-ray generators, and are low in cost, versatile in 
application, and highly portable. Radioisotopes and associated equip- 
ment costing approximately $3,000 will perform many of the func- 
tions of a $50,000 X-ray generator. However, radioisotope radiog- 
raphy is generally used to supplement X-ray equipment. ‘The modern 
X-ray radiographic laboratory makes provision for auxiliary radio- 
isotope radiography. Remote positioning controls permit opening 
and raising the source. Many plants which cannot justify the expense 
of an X-ray installation can, for specific requirements, obtain radio- 
graphs through the use of radioisotopes at relatively low cost. 

An assortment of various sizes and types of sources can be obtained 
for ferrous and nonferrous radiography. The following are ex- 
amples of this type of application: 

Example 1—Inspection of welds in Rouge office building 

A new, three-story office building in the Rouge plant was built using 
a prepoured concrete floor type construction. The floors were raised 
and held in position by shear plates welded to the roof support beams. 
Construction was done in the middle of winter and spot checks were 
required to insure satisfactory welds, since outward appearances could 
not be relied upon for absolute certification. An 0.7 curie cobalt 60 
source was used to radiograph a series of welds on location. The 
results certified the work with a minimum of time and expense. 


Example 2—Radiographic inspection of wing section of company 
planes 
Stabilizer castings in the tail-wing sections of the five company- 
owned Convair planes require structural certification after every 200 
hours of flying time. The stabilizers are encased in the tail section 
and cannot be visually inspected. Therefore, radioisotope radio- 
graphic inspection is made on location. 


Example 8—Inspection of slag pots 

When the steel division purchased nine 100-ton-capacity slag pots, 
each weighing 30 tons, certain external defects appeared which were 
questioned by safety inspectors. Since the slag pots were too large 
to move to the X-ray laboratory, cobait-60 radiography was used 
to inspect the pots in the field. The source was located in the center 
of the overturned pot. 


Example 4—Inspection of large steel casting 


A large steel crankshaft casting made in the jobbing foundry was 
oo for casting defects on location, again using cobalt-60 radiog- 
raphy. 
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Other applications of this type include radiographic inspection of 
welds in high pressure steam lines in the powehouse, and the detection 
of cracks in 100-ton hooks and trunnions on metal ladles. 


NONDESTRUCTIVE TESTING 


The term nondestructive testing, although it normally would in- 
clude radiography, is used to classify those applications where a 
measurement is made on a process or part without interfering with the 
operation or destroying the part. The applications of this type of 
testing to automotive production have been numerous. The follow- 
ing are two such examples: 


Example 1—Penetron pipe and wall thickness measurement 


When it is necessary to measure the wall thickness of pipes, tanks, 
or tubes with only one side accessible, a commercial instrument of the 
Penetron type is used. For flat or nearly flat surfaces, the thickness is 
related to the amount of back scatter of the gamma rays from a radium 
source. For pipes less than 6 inches in diameter, the absorbence along 
a chord is measured. Use of the gage has made it possible to deter- 
mine the extent of corrosion in high pressure steam lines, gas mains, 
and acid tanks without shutting down the operation. 

On one occasion a 4-inch high pressure steam line in the powerhouse 
ruptured. The question arose as to whether or not the entire boiler 
system should be shut down for repairs. By an inspection of the lines 
with the Penetron the hazardous portions were replaced and the boiler 
placed back in operation without a costly and time-consuming major 
repair program. A section of pipe was located with the Penetron in 
which the bottom portion had eroded to a dangerous degree. 


Example 2—Engine block oilhole wall measurement 


In the machining of the V8 engine block using automation equip- 
ment it was learned that one specific oilhole feeding a main bearing 
was drifting. In some blocks the hole had actually broken through 
the outer surface. It was immediately apparent that inspection of the 
blocks was required to insure that sufficient wall thickness was present. 
Since no mechanical gage could be used in this application, a radio- 
isotope gage was set up. A probe was tipped with a small quantity of 
radioactive ruthenium and inserted into the oilhole. The intensity of 
beta radiation received by a Geiger counter held against the outer 
surface of the block provided the thickness measurement. The energy 
of the source was such that the beta radiation was detected only if 
the wall thickness was less than 0.080 inch. In this manner several 
hundred engine blocks were quickly inspected. The information made 
it possible to segregate satisfactory blocks, and to locate the cause 
of the defect. It was determined that the difficulty was caused by a 
core shift in that particular group of engine-block castings and not 


a drill drift. 


GAGING AND CONTROL 


Perhaps the most useful application of radioactivity in industry 
today from an economic standpoint is that of inprocess gaging an 
control. A variety of gages for continuous noncontacting measure- 
ment of mass per unit area can be constructed. The resulting measure- 
ment or a related parameter can be used to control the process. Initial 
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studies in 1948 revealed numerous potential applications but refine- 
ments in measuring and control instrumentation were required before 
suitable applications could be developed. Typical applications of 
this nature are described as follows: 


Example 1—Liquid metal height in cupolas 

The first installation of this type made in the Ford Motor Co. 
was a gage for measuring the liquid metal height in a batch-type 
cupola where such measurements were vital to efficient cupola opera- 
tion. The gage consisted of a radioactive source contained on one 
side of the cupola and a Geiger counter feceiver located on the op- 
posite side. ‘The source and the sensitivity of the receiver were 
adjusted so that liquid metal could be clearly distinguished from slag, 
scrap, and coke. 

Although the gage aud its auxiliary controls proved practical, the 
application was not pursued, since batch-type cupolas were discon- 
tinued in favor of continuous-pouring cupolas. A more detailed dis- 
cussion of this application is described in an article published in the 
American Foundryman, June 1949. 


Example 2—Radioisotope stock level height gage 

The more extensive use of closed-top cupolas and water-cooled 
cupolas resulted in a need for an improved method for determination 
of the height of stock added to the cupola stack. Raw materials in- 
cluding metal scrap, limestone, and coke are introduced into the cupola 
in the melting of iron. If this stock level becomes too high or too low, 
the operation of the cupola is impaired. Conventional gages have 
been of the pneumatic type in which probes are inserted into the 
stack at a predetermined level. If they meet an obstruction such as 
stock they immediately retract, indicating a full stack. In operation 
they are easily bent, become jammed or misgage by entering a void 
in the stock. A gage was designed which used the absorption of gamma 
rays as an indicator of the presence or absence of stock at a level 
selected for optimum operating conditions. The gage proved reliable 
and successful and was coupled to the charging mechanism to permit 
automatic charging. Gages for 12 cupolas are on order with more to 
follow. The gage and its operation are described in more detail, in 
a report made at the conclusion of the project. 


Example 3—Steel mill beta-ray thickness gage 


The problem of thickness measurement of sheet steel during rolling 
has long been a problem in the steel industry. Contacting gages are 
inaccurate and costly to maintain. Noncontacting X-ray gages are 
more successful but are also costly to maintain and operate. The gage 
consists of a high-intensity, high-energy beta source located on one side 
of the sheet of steel with a radiation detector located on the opposite 
side. The attenuation of the source is measured and related to the 
thickness. The information is recorded on a strip-chart recorder or 
used to activate some controlling mechanism. After an initial study, 
a gage of this type has been purchased from an outside supplier and is 
being installed on a three-stage tandem cold mill in the steel division. 
The gage is designed to scan the sheet and to automatically control 
the roll spacing, permitting a sheet in which tolerances of +0.001 
inch in 0.035-inch steel can be continuously maintamed. Previous 
gaging often produced variations up to +0.004 inches. The greater 
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uniformity of thickness and the resulting increased feet per ton of 
yield will reflect large dollar savings to the company. 
Example 4—Alphatron vacuum gage 

The Alphatron gage is a commercial instrument which is used to 
measure vacuum. The gage consists of an alpha source of radiation 
which ionizes the residual gas molecules in the system. The resulting 
ionization current is amplified and measured to indicate the pressure 
of the evacuated system. 

Gages of this type are used for vacuum furnaces, for vacuum metal- 
izing equipment, and for cathodic etching. This equipment is not in 
wide use in the company, being confined principally to laboratory 
applications. 


Example 5—Airflow measurements 


Although the general determination of airflow during mobile test- 
ing is possible with pitot tubes, precise measurement is extremely diffi- 
cult with conventional instruments. To provide a more exact and 
convenient method for road-test airflow determinations, instruments 
and techniques employing radioisotopes were developed by the engi- 
neering research group. This gage measures the mass of air flowing 
past a stack of plates per unit time. The air is ionized by alpha parti- 
cles from thin foils of radium attached to the plates. The gage then 
measures the subsequent measurement of the ionization current, which 
is proportional to airflow. The gage has been used effectively for car- 
buretor, air conditioning, and experimental brake-cooling studies. 


TRACER TECHNIQUES 


The use of tracers or tagged atoms is becoming increasingly impor- 
tant in obtaining knowledge of many industrial processes. Radio- 
active isotopes are introduced at some stage of a process and then 
followed or located with the appropriate instruments. The behavior 
of these atoms gives information that is generally unobtainable by 
any other means. The first tracer study in the Ford Motor Co. took 
place in 1949, when radioactive sulfur was added to molten iron in 
an investigation of nodular iron formation. The operation took place 
under the surveillance of industrial hygiene personnel. 

The results of this study were inconclusive, but they showed the 
potential of such techniques. Since these initial experiments an in- 
creasingly larger number of tracer applications have been found. A 
few of these are listed below: 


Example 1—Addition of radioactive cerium to iron 


A program to study the effects of additives to iron to form nodular 
iron is now underway. Since the amount of additive retained is very 
small there are few methods of studying its disposition adequately. 
It is known that in general deoxidizers aid the formation of nodular 
iron. Cerium as an additive is used to some extent for this purpose. 
A sample of cerium has been submitted for irradiation in a pile. The 
radioactive cerium will be added to the iron and autoradiographs will 
be obtained. The study will provide valuable information on the 
cerium distribution and its influence upon the graphite formation. 


Example 2—Location and analysis of boron in steel by neutron acti- 
wation 


A new and unique tracer technique has been developed and used 
with partial success at the scientific laboratory to determine the loca- 
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tion and distribution of boron atoms in steel. The method makes use 
of a nuclear reaction in which a slow neutron is caused to come into 
close contact with the nucleus of a boron atom, is captured by the boron 
nucleus with subsequent emission of an alpha particle. The alpha 
emission is recorded on a special photographic emulsion. This entire 
yrocess must be accomplished in a reactor because of the very short 
half life of the radioactive boron. 

In practice, this is accomplished by placing a photographic film 
in contact with a flat piece of the metal to be tested. The metal and 
film are then placed inside a lead container and introduced into the 
thermal column of a research type slow neutron reactor. The con- 
tainer, while impervious to the intense gamma rays in the interior of 
the reactor, readily transmits neutrons, which induce the radioactivity- 
producing reactions in the boron atoms. 

In the preliminary experiments undertaken in the laboratory, the 
objective has been to explore the usefulness of this method as a means 
of obtaining analytical information on the amount of boron present 
in the steel, and at the same time attempt to learn whether the boron 
remains in solution homogeneously distributed throughout the crystal 
lattice of the steel, or whether there is a tendency to segregate at the 
grain boundaries. Such information is potentially useful to the metal- 
lurgist. It has, in fact, been demonstrated as a result of this experi- 
ment that one can obtain an indication of the amount of boron present 
using this method, and even some information regarding the distribu- 
tion of the boron in the steel. Further refinements in the experimental 
technique are necessary in order to obtain the more quantitative infor- 
mation that it is felt the method is capable of yielding. 


Example 3—Radioactive tracers in blast furnace study 


One of the largest tracer experiments ever conducted was in the 
study of direct utilization of ore concentrate fines in the blast furnace. 
In this study powdered iron ore which had been made radioactive by 
irradiation was introduced into several carloads of fines and fed to the 
blast furnace. The iron pigs, the dust in the dust catcher, and the 
slag were monitored while consumption of the tagged ore was taking 
place. It was found that about 60 percent of the fines were effectively 
used, the rest being lost up the stack. This confirmed the need for 
sintering operations prior to the utilization of this type of ore in the 
blast furnace. The total amount of radioactive material used in this 
study was approximately 2 millicuries. The radioactivity of the mix- 
ture introduced into the blast furnace was 10 percent above the normal 
background from cosmic rays and natural radioactivity. This level 
of radiation is 100 times smaller than the Atomic Energy Commission 
approved dosage rate for constant whole body exposure. 


Example 4—Sinter plant production rate study 

The cycle time of the sinter plant was determined by putting a 
tracer in the ore at the beginning of the cycle and then detecting it 
at some later stage. By this technique an accurate method of cycle 
time under various operating conditions was determined. Since only 
80 microcuries of radioactive iron were distributed throughout half a 
ton of sinter material, radiation hazards were negligible. Neverthe- 
less, air monitoring and personnel precautions were maintained. 
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Example 5—Location of obstructions in a pneumatic tube system 

The Dearborn Iron Foundry has a system of pneumatic tubes ap- 
proximately three-fourths of a mile in length dercugh which metal 
samples are rapidly dispatched to the laboratory for analysis, and the 
analyses returned. These tubes pass up and through the ceiling struc- 
ture. At times obstructions develop in the tube, requiring from 1 to 4 
hours to locate, owing to the relative inaccessibility of the tubes. To 
locate these obstructions more rapidly, a 3-millicurie capsule of cobalt- 
60 is placed in a carrier and shot through the tube. The tube is then 
wecall by a man carrying a survey meter. The position of the ob- 
structed carrier is quickly pinpointed, and repairs are carried out. The 
location of the obstruction requires less than 10 minutes. 


Example 6—Wear measurements 

Wear measurements have been made in the past on the basis of 
weight or dimensional changes of various components. These tests 
were time consuming and inaccurate. In the case of engines, costly 
buildup and teardown operations were necessary. The present wear 
tests using radioactive parts give more exact information, and this 
information is continuously available during the test period. No tear- 
down is required. It is possible to measure wear in units as small as 
micrograms, with this technique. Piston-ring wear measurements 
have been made. The steering-gear wear has been studied by the 
same technique and the wear of rear axle components is being investi- 
gated at the present time. 


Example 7—Piston ring rotation study 


Prior to the development of radioisotope techniques, no means were 
available to determine the extent of piston-ring rotation in an operat- 
ing engine. By incorporating a cobalt—60 plug in a ring it is possible 
to determine the rate and direction of rotation of a piston ring with- 
out disturbing normal engine operation. 


Example 8—Gasket-leak detection 

After the introduction of beaded head gaskets, coolant leaks of un- 
known origin were a serious problem. A technique using a water 
soluble radioactive material in the coolant water was developed. A 
film placed in contact with the gasket is exposed in areas where the 
radioactive material is present, and the leakage pattern is determined. 
This method was found to be superior to tracer techniques using dyes 
or other indicators. Other studies using tracers have been made on 
oil dilution and oil consumption in connection with the engine-develop- 
ment program. 


STATIC CHARGER NEUTRALIZERS 


Due to the high dielectric constant of plastics large static charges 
build up on their surfaces. These large electric fields attract and hold 
particles of dust or lint. This contamination is occluded in any sub- 
sequent painting or vacuum-metallizing operation, and the part must 
be scrapped. 

This charge can be neutralized by blowing a stream of ionized air 
across the surface. An air gun, called an Alphatron Blow Gun, 1s 
used for this purpose. It has an alpha source, polonium, which ion- 
izes the air passing through the gun. The ionized air dissipates the 
static charge and the dust and lint are easily blown off. 
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Other types of static-charge eliminators using beta rays are being 
considered for cases where alpha particles are not suitable. Their 


feasibility has not yet been determined. 
PROCESSING 


The company is a large consumer of polymers such as resins, plastics, 
and rubbers. Investigations are underway at present to determine 
the possibility of improving the physical properties of some of these 
materials by irradiation. The sources available at the company are 
not of sufficient intensity to make it possible to carry out a research 
program in this field. It is hoped that the necessary high energy 
sources will be available for our use in the near future. 

The scientific laboratory is studying irradiation effects induced in 
organic and glassy materials. Positive ion bombardment has pro- 
duced changes in the surface layers of glass which causes changes in 
the optical properties. The nature of the damage is under investi- 
gation. 

Irradiation may produce two entirely different effects: Degradation 
by splitting of the long chain molecules into shorter segments or an 
improvement by cross-linking of the polymers. 

Plexiglas degrades upon irradiation, with considerable loss of 
strength, whereas viekyathyiaies after irradiation is stronger and has a 
higher softening point. Rubber may be vulcanized by radioactivity 
without the application of heat. A program has been initiated by a 
group in the Ford division to evaluate the curing or polymerization 


of paint films eee Some of these effects may be significant 


economically. The possibility of processing resin cores by irradiation 
is also under consideration. 


FUTURE POTENTIAL APPLICATIONS 


The company has many diverse operations. A substantial number 
of these could be improved or benefited by specific utilization of 
radioactive techniques. Many problems in the application of radio- 
activity which appear very difficult or impossible today may be solved 
by the introduction of new instrumentation tomorrow. Many poten- 
tial uses of these methods, which often give a unique solution, wait 
only on the statement of the problem. Analogous operations in differ- 
ent processes often permit direct transfer of a solution from one prob- 
lem to another. From the initial work done as described in the previous 
pages many other applications are immediately obvious. 

New sources for gamma radiography are constantly being developed 
or isolated. This will make it possible to select sources with the most 
desirable energy ranges for specific applications. For best contrast 
in a given thickness of metal, for instance, it is desirable to have a 
source of specific energy. Also, to permit shorter exposure times 
larger amounts of each of these sources will be acquired. 

_ The techniques of nondestructive testing will improve and expand. 
Simpler shop tools will evolve based on the use of radioisotopes. 

The group of applications under gaging and control is expected to 
increase in the next few years. The use of beta-ray thickness gages 
will become quite common in the control of the manufacture of such 
widely different materials as steel, glass, artificial leather, and com- 
position board. 
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A beta-ray gage can be used as a classifier to sort sheet steel accord- 
ing to thickness to prevent die damage in stamping operations. It is 
conceivable that automatic stamping presses could be developed using 
beta-ray gages to control press adjustments. 

Control systems linked to radioactive gages for airflow, liquid level, 
hopper feeds, and similar types of applications will have more ex- 
tensive use. Modification of the cupola charge height indicator is 
under consideration which will permit a safety system to shut off the 
air to the cupola when the charge falls below a critical level. 

The tracer work has only begun. There are numerous original 
studies to be made on the effects and distribution of minor elements 
in steel and cast iron. These studies are being contemplated at the 
present time. A more complete understanding of metallurgical 
phenomena will undoubtedly result in improved materials. A means 
of adding tracers to the glass furnace charge is also being considered 
to learn more about the convection currents in the melt, the elimina- 
tion of dross, the effects of heat patterns, and in short, the funda- 
mental processes involved in glass melting. 

Heat treatment of steels and the effects of minor alloy addition to 
iron and steel could be studied by tracer methods. Flow patterns in 
cold extrusions could be determined and the most effective die and 
punch shapes worked out. Wear studies of tools and dies can be made 
to evaluate their life rapidly and accurately and to improve machining 
practices. 

New items of equipment, such as the gamma-ray spectrometer, are 
continually being added to existing laboratory facilities. Such new 
types of equipment will permit more detailed experiments, which will 
broaden the scope of the information. With the new gamma-ray 
spectrometer, for instance, new analytical methods such as activation 
analysis can be undertaken. ‘This tool provides a sensitivity from 
10 to 100 times greater than arc spectroscopy. 

The contemplated reactor facilities, which will be available at the 
University of Michigan, will permit studies in neutron diffraction and 
irradiation of materials as well as other fundamental studies not yet 
envisioned. 

As these and the host of other yet unforeseen applications based on 
the unique energies available in the field of radioactivity are applied 
to modern industry, the atomic age clearly holds forth the promise of 
improved and cheaper processes, improved materials, a more careful 
control of existing processes, and a more complete understanding of 
the mechanism of the natural phenomena upon which the usage of our 
materials is based. 


CoMMUNiCATION From Atomic Enrercy ComMMIssIONn 
November 10, 1955 


This letter will confirm our verbal discussion today relative to the 
statement made in a speech by former Commissioner Joseph Campbell 
on July 21, 1954, that the use of radioisotopes is saving American 
industry an estimated $100 million per year. 

The above figure, as you realized from your own examination yes- 
terday of the working papers involved, was a rough estimate, of course, 
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but it was as accurate as could be made at the time. In retrospect, 
I would change neither this figure nor the uncertainty of plus or 
minus 50 per cent which is an integr: al part of that estimate. 

From 1948 to 1953 my duties as Chief of the Advisory Field Service, 
Isotopes Division, AEC, brought me in contact with an approximate 
total of 1,900 users of rs adioisotopes among whom were an estimated 
00 industrial ones. I was able to obtain a fairly good cross section 
of the industrial users of radioisotopes and some indication of the 
savings being made as of 1954. 

A breakdown of this estimate follows: 





Estimated annual 
savings in mil- 
lions of dollars 


Probable} Probable 
high 


Radioisotope thickness gages. $2! $100 

350 companies are using re adioisotope thickness gages s and several lar ge ‘compa- i- | 
nies (rubber and abrasives) report estimated savings of $100,000 per gage per 
year. If we assume 3 gages per company (range is from 1 to 12) and annual sav- 
ings of $25,000 (probable minimum) to $100,000 (maximum) per gage, one esti- 
mates savings as above. 

Radiographic testing - 

350 companies are using cobalt-60 and other radioisotopes to check ¢: astings 
and welds, etc., in pressure vessels. If 100 percent radiographic inspection is 
performed, the ‘ASME boiler safety code permits use of 12 percent thinner boiler 
plates for the same operating pressure. Savings of 12 percent in the quantity of 
steel used and in welding operators’ time are made possible. Example: Ona 50- 
foot diameter Horton sens (used to store high pressure gases) the net savings is 
about $6,000. Between 2,000 and 3,000 of these spheres are in use and the ma- 
jority of them have been radiographed. 

ee L. RTRs CREST EE RS eT oP eee ee ee eee ee ee 

Approximately 100 radioistope laboratories and private consultants, the ma- 
jority of them new since 1946, provide consultative services to industry. Re- 
ports presented at technical meetin $ by users of such services would indicate 
that their savings are in excess of the fees charged. The dollar value of such 
savings is seldom made known but these consulting laboratories seem to multi- 
ply in terms of gross floor space, number of personnel, and in total sales. 

Catalytic cracking of petroleum - - 

1 oil company recovered $5,000 instrumental cost in a ‘single day of oper: ation 
and saved an estimated $100,000 by avoiding a 1-week shutdown and loss of 
gasoline production otherwise necessary. This tracer technique for cracking 
control is now a part of the company’s standard operating procedure and is said 
to be available on license to other companies. Savings are difficult to estimate 
because they are based on a guess as to the number of unintentional shutdowns 
that are avoided. 

Radioactive piston FORGE 865.6 nde snitsi swecndia m j 

A continuing research project to improve ‘quality “of ‘lubricating ‘oil by con- 
ventional methods would have taken 60 man-years and cost around $1 million; 
the cee technique took 4 man-years, cost only $35,000, and gave a cleaner 
cut answer. veral oil companies are now using this technique to cut down on 
the cost of doing research. 

PR artes ic tak chcecadinn dehnkanth aisle bees cnGicncoudhsccsecae 

Isotopes are used to mark the interface between different kinds of oils flowing 
in the same pipeline but to be delivered to different tanks either at various inter- 
mediate takeoff points or at the end of the pipeline. Savings reported by oil 
companies approximate $500 of petroleum products every time the technique is 
used. The frequency of use varies from 1 to several times daily, depending upon 
operating schedules, with perhaps an average of 3 times daily on practically 
a year-round basis. At least 3 companies are using this technique; others are 
expected to follow shortly. 

Miscellaneous. ...----- Ee baie ce eect wince 

In addition to the above, there are a variety of isotope uses which have been 
reported but without verifiable estimates of cost sav ings. Reduction in cost of 
research programs, such as radical improvement in measuring the rate of machine- 
tool wear, the design of better washing machines, etc., and the initiation of indus- 
trial research projects (radiation polymerization, etc.) that could not have been 
started in the absence of a new tool for investigation, are among such miscel- 
laneous items. These are research rather than production savings. 
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Estimated annual savings: $100 million plus or minus 50 percent at 
least. 

The above estimate of savings represents only 0.027 percent of the 
gross national product (GNP) of $360 billion for the year 1954. 
Thus, while elie yes are making themselves felt in some seg- 
ments of American industry, the atomic revolution is still a rather 
quiet one. These estimated savings do reflect, however, the sum total 
of incremental advances in a mass-production economy. 


Tue Impact on THE Nationa Economy or Byrpropucr Rap1ation 
Power From tHe Nuciesar Power INpustry 


By Bernard Manowitz, Brookhaven National Laboratory, November 11, 1955 


The advent of nuclear power will not only amplify the electrical 
power resources of this country, it will also create a supply of by- 
product radiation power. The fact that there will be an assured 
supply of this new mode of power has stirred a lot of interest in its 
possible uses. I would like to emphasize that this is a new mode of 
power. Conventionally we have been using heat to energize molecules 
for chemical reactions, to destroy bacteria for sterilization purposes, 
and the like. Radiation is another way of adding energy to a system. 
From a chemical point of view, it can produce free radicals where 
you want them, when you want them, and at any ambient temperature 
in the system. Since it is a new mode of power, what we know now 
of its possible uses is limited by the amount of imaginative effort that 
has been put into thinking of new uses. The one thing we can say 
about new uses, therefore, is that these are bound to increase as more 
ingenious experiments turn their attention this way. 

A considerable amount of ingenuity has already been put into play. 
I understand that you have already heard of the food sterilization 
program, so that today I would like to describe some applications to 
the chemical field. 

There are two general ways in which radiation can be used to in- 
duce chemical reactions. Radiation can be used to trigger a chemical 
chain reaction; that is, there are certain chemical reactions in which 
radiation can supply a small amount of energy to start a reaction, 
and chemical energy will carry the reaction the rest of the way. And 
then there are reactions in which radiation must supply all of the 
energy for the entire reaction. 

An example of the first or chemical chain reaction type is polymer- 
ization. This is the process by which plastics are made. Practically 
every polymer of the addition type that can be initiated by a free 
radical can be prepared by a radiation technique. This would in- 
clude the preparation of polyethylene, polystyrene, polymethy! 
methacrylate, butyl rubber, GRS, polyvinyl chloride, polyacryloni- 
trile, polyvinyl! acetate, and many others of our large tonnage plastics. 

However, all we are talking of doing in most of these cases, is re- 
placing a few tons of a relatively cheap catalyst and a conventional 
reaction vessel with a complicated radiation device. Therefore there 
must be some advantage either in cost, uniqueness of product, or easing 
of operations conditions, before such a change is likely to occur. 
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The polymerization of ethylene is one in which some obvious ad- 
vantages might accrue. The conventional ethylene polymerization 
process is one in which very high pressures are used, and the cost of 
equipment and maintenance is very high. Research at the University 
of Michigan and at Yale University has shown that ethylene can be 
polymerized in a radiation field at very moderate temperatures and 
pressures. However, other new low-pressure processes have recently 
been developed, and it is against these that the radiation process would 
have to compete. 

There is a possibility that radiation polymerization may turn out 
to be a relatively cheap process on a large scale, particularly since 
radiation is readily adaptable to continuous rather than batch process- 
ing, but it is too early to make any realistic cost estimates along this 
line. 

The unique advantages that radiation might have for standard 
polymers are that it might permit orienting the molecules so that more 
crystalline, and hence more sturdy products could be produced, and 
that it does not add any impurities to the polymer, which catalytic 
treatments do, so that the electrical properties of the product should 
be improved. 

Other chain reactions that have been studied include halogena- 
tions. The University of Michigan has demonstrated that benzene 
hexachloride can be produced in a very high yield by chlorinating 
benzene in a radiation field. Benzene hexachloride is an insecticide 
now made by an ultraviolet technique. Many other organic processes 
may be similarly affected, such as aminations, nitrations, sulfonations, 
oxidations, hydrogenations, etc., but these have received little study 
as yet. 

The possibility of producing entirely new products is indicated by 
recent work in graft copolymerization. A standard copolymer is one 
in which there is a random distribution of polymer A and polymer 
B. A graft copolymer would be a long chain of polymer A on which 
chains of B would be grafted at specific intervals. Theoretically, we 
might add certain properties of plastics by such a joining. For in- 
stance, silicone rubbers have very good resiliency properties over a 
wide temperature range, but they have poor solvent resistance char- 
acteristics. By grafting acrylonitrile to silicone rubber we might 
make a combination that is both resilient and can resist solvents. A 
graft of styrene to polyethylene might make polyethylene less per- 
meable to organic liquids and vapors. A graft of styrene to Teflon 
might improve the adhesive qualities of Teflon. Work in graft co- 
polymers is in the very early stages now, but there appears to be 
considerable promise that radiation techniques will make many grafts 
possible. 

Another field of interest is that of vulcanizing and curing elastomers 
and plastomers. Recent work at the Wright Air Development Center 
and at the Goodyear Co. has indicated that rubber can be vulcanized by 
radiation. It is unlikely that this technique can be applied to tires 
because of the awkward geometries involved, but radiation vulcaniza- 
tion may be applicable to belting and other rubber products which 
are adaptable to continuous processing, provided radiation can be 
supplied cheaply enough. 
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Another interesting case is the rapid curing of polyesters. One of 
the reasons car bodies of plastics cannot be mass produced.as yet is 
that if one uses a quick acting catalyst, you cannot get it into a large 
system quickly enough to avoid getting an inhomogeneous product, 
whereas if you use a slow-acting cat: lyst, the mass production line 
would have to be many miles long. Radiation can be applied homo- 
geneously by external sources so that if polyesters could be cured in 
seconds by radiation, continuous sheeting could be passed through a 
radiation oven and mass production achieved. Thus far, research has 
not turned up any polyester system that can be cured in seconds, but 
this is one area in which more work can be done. 

To mention a few more possibilities of treating plastomers: 

(1) Flooring materials can be crosslinked so that tables and chairs 
will no longer leave an imprint on the kitchen tile when they are 
moved. 

(2) Polyethylene, nylon, and other plastics can be crosslinked so 
that they will have improved thermal-stability properties. GE is 
marketing a cross-linked PE electrical tape that can be used at higher 
temper atures than the standard. Cross-linked nylon bearings can be 
used at higher temperatures than the standard. 

(3) By irradiating polyethy lene in air many of its surface properties 
can be altered. Printing inks will stick better. When heat-sealed 
to metals, paper, and glass, treated PE film will stick much better. 

Let us now consider some chemical reactions where radiation must 
supply most of the energy for the reaction. I am thinking now of the 
possibilities of producing heavy organic chemicals by a radiation 
technique. There are some research results on phenol, hydrogen per- 
oxide, aniline, glycols, and hydrazine production. Not only United 
States investigators, but also the Russians seem to have done a con- 
siderable amount of work in this direction. Most of this work is 
characterized by low yields so that probably reactors would have to be 
used as a very large source of radiation. 

The hydrazine case is an interesting one because of its possible na- 
tional importance. Hydrazine w ould be an ideal rocket and jet fuel 
because of its high thrust per pound. It is presently made in limited 
amounts by an expensive process. If the radiation technique turns 
out to be economical, every ammonia plant could turn out vast quan- 
tities of hydrazine. 

I think I have said enough so that you can see there are many impli- 
ations to the chemical business. 

Let us now consider various possible sources of radiation power. 

First of all, it is possible to produce the same kind of radiation one 
gets from nuclear sources by some kind of a high-voltage machine. 
This means that it will not be possible to set up “monopolistic prices 
for nuclear radiation power, but rather that nuclear radiation power 
must always compete with high-voltage machines. Many such ma- 
chines, such as Van der Graaff accelerators and X- -ray generators have 
been developed, and the possibilities are that more, better, and cheaper 
high-voltage machines will be developed as the market increases. 
High-voltage machines have the advantages of constant power output 
and of discontinuous operation, so that power is not dissipated except 
when the machine is in use. They are now manufactured to se!l at 
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prices of about $100,000 per kilowatt, but can probably be produced at 
$10,000 per kilowatt in large units. 

Reactors themselves represent an important source of radiation. 
Conceivably, if specially designed so as to utilize the ionizing capabil- 
ities of the fission products themselves, as much as 50 percent of the 
total power of a reactor could be used for radiation purposes. The 
decontamination problem would be severe, however. ‘There are two 
distinct classes of reactors to consider: One is the fluid fuel, and the 
other is the solid-fuel type. In reactors using liquid fuels, such as the 
LMFR or HRE, the radioactive gases produced during fission may be 
continuously extracted and used right at the reactor site. As much 
1 percent of the total power of a fluid fuel reactor may be extracted 
radiation power. 

Solid fuel reactors are sources of radiation in two distinct ways. 
First, spent fuel elements may be used as radiation sources while they 
are in Inventory prior to going through the fuel recovery process. 
Second, very significant amounts of cobalt 60 can be made by irradiat- 
ing cobalt metal in regions of the reactor where neutrons would ordi- 
narily be lost. 

Finally, at the fuel recovery plant, the fission products can be sepa- 
rated from the fuel and either packaged as mixed fission products or 
separated further into the long-lived components and waste. Prob- 
ably the most significant of the individual long-lived isotopes is Cs**’. 

If we assume that in the year 1980 the electrical power supplied by 
nuclear fuel is 137 million kilowatts, the radiation power available 
from various sources would be as follows: 

Fuel element: 100 MW (production rate in the year 1980). 

Co: 20 MW (accumulation until 1980). 

Cs: 3 MW (accumulation until 1980). 

The fuel element calculation assumes two-thirds of the reactors at 
that time will be solid fuel reactors and takes into account the self- 
absorption of all beta radiation and some gamma radiation in the fuel 
element itself. The cobalt 60 calculation assumes that 30 percent of all 
reactors up to that time have utilized 2 percent of their total power in 
making cobalt 60. The Cs" figure assumes that 75 percent of all of 
the Cs produced by the projected nuclear power economy has been re- 
covered. It does not take into account the Cs‘ available from fuel 
burned for military purposes. 

The probable costs of these various sources of radiation power will 
be influenced by the following factors: 

The cost of retaining fuel elements at a reactor site will be influenced 
by the inventory charges on the unburned portion of the fuel element 
and by the cost of shipping the fuel element to the fuel-recovery plant. 
If all of these costs are to be recovered, the use cost for the fuel element 
as a radiation source is likely to be in the order of $13,000 per kilo- 
watt on a 3-shift use basis. Lower charges than this can be made de- 
pending on what fraction of their inventory and shipping charges the 
reactor people decide to recover. 

The cost of cobalt 60 radiation can be estimated by assuming that 
fissionable material, such as U***, could have been made in the same 
region of the reactor that the cobalt was placed, and charging $25 per 
gram for the fissionable material. On this basis cobalt 60 will be 
worth about $8,000 per kilowatt. 
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Costs for Cs *** and for mixed-fission products are difficult to assess 
because they involve processes for recovery and rn that have 
not yet been developed. The cost for Cs‘, however, is likely to be 
much greater than $10,000 per kilowatt, while mixed fission products 
are likely to be in the $10,000 per kilowatt range. 

A rough estimate has been made of the probable markets for radia- 
tion power based on uses now under consideration. The analysis 
assumes that irradiators of various sizes will be produced, each to 
service a different market. The estimate has been made by assuming 
that radiation will capture the total market for entirely new products 
or processes, and about 10 percent of the total market for products or 
processes for which competitive techniques exist. An analysis was 
made of today’s potential market for irradiated products and pro- 
jected to 1980 by assuming a doubling time of 7 years for all of the 
industries involved except the food industry which was assumed to 
double by 1980. : 

The conclusions I would make from the attached table are as fol- 
lows: (1) Cs"*", machines, and cobalt 60 are now and will continue to 
be competitive for the radiography and therapy markets. 

(2) The sterilization of drugs and medical supplies is a relatively 
small market which, even in 1980, can probably be saturated by 500 
kilowatts of radiation power. Machines will probably capture a 
large fraction of this market since they can be developed faster. 
Cobalt 60 may be competitive. 

(3) Machines and cobalt 60 will probably be competitive for the 
specialty chemicals and foods market, and will probably capture a 
large fraction of the market. Cs may bid for a small fraction of the 
market. Fuel elements and mixed-fission products may find some use 
here, particularly if the specialty items can be brought to the source. 
This is a market which will be generally available for small business. 

(4) There will be a large market and an opportunity for many 
good-sized industries in the various high throughput uses for radia- 
tion power. The market will be sufficiently large to allow for compe- 
tition between machines, reactors, fuel elements, and mixed-fission 
products. There will be a direct impact on the national economy in | 
that a new industry will be born, but the indirect effect on the economy 
will be much greater. Radiation sterilization of food may change 
market practices and packaging techniques. Radiation techniques 
for making standard chemicals will alter process equipment manufac- 
ture. New and unique products could alter major industries of today. 

The effect of the radiation power business on the nuclear power busi- 
ness itself, however, is likely to be small. The operators of nuclear 
reactors may recover some fraction of the cost of inventory and ship- 
ping of fuel elements, and may get an appreciable income by selling 
cobalt 60. The fuel recovery plant may be able to reduce the cost of 
waste disposal by selling some byproducts. There will be an oppor- 
tunity for reactor designers to design and construct new and novel 
types of reactors for this new market. 

All in all, this is a fascinating new field and one that will prove to 
be stimulating and beneficial to our national economy. 
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Probable market for radiation power (1980) 





Probable sell- 
Sizeofirradi-| ing price, | Totalmarket,} Number of | Cumulative 
ator, kilowatts —_ per kilowatt units total, dollars 
owatt 


25 x 10° | Radiography, therapy. 

25 x 10° | Drugs, medical supplies 

150 xf10* |?Specialty chemicals, specialty 
plastics, specialty foods. 

850 x 10° | Trichinae in hogs, insects in 
wheat, corn, and coffee; pota- 
toes, polymerization, vulcan- 
ization, polyesters, poultry, 
fresh vegetables, fresh fruits, 
canned foods, red meat. 





Probable supply of radiation power (1980) 


| : a cost 
Supply ! 50-kilowatt 
Probable sources of radiation (kilowatts) | units) dollars 

per kilowatt 


High-voltage machines | 5, 000-10, 000 
Reactors ~4, 000 
Fission-gas reactors me oe | 3 ~20, 000 
Fuel elements “4 ve ‘ <13, 000 
. " -~8, 000 
> >10, 000 

~10, 000 


1 Supply indicated is the accumulated supply for cobalt-60 and cesium-137 and is the production rate for 
that year for fuel elements and mixed fission products. 

2 Unlimited. 

3 No credit for power. 


Tue Use or RapiaTion As A CATALYST 


By David S. Ballantine, Brookhaven National Laboratory, Upton, N. Y. 
August 30, 1955 


1. Types of radiation, such as beta rays, alpha rays, fission frag- 
ments, and gamma rays, have all been successfully employed as 
catalysts for chemical reactions. The primary processes by which 
these radiations or particles lose their energy are ionization and excita- 
tion. It has been shown that as a result of these processes ions, excited 
molecules, and free radicals may be produced. One of the problems of 
radiation chemistry is to determine the importance of each of these 
species as a function of reaction conditions. 

In organic reactions which have been studied in the liquid state, all 

results can be interpreted in terms of free radical reaction inter- 
mediates. Ions have a significant role only in reactions which are 
carried out in the gas phase. The place of excited molecules in re- 
action mechanisms has not been clearly demonstrated or proven. 
_ Solid state reactions in the polymer field have been found, and their 
investigation, particularly in the initiation of chain reaction polymer- 
izations, are of great academic interest and may eventually have 
significant industrial importance. These solid state reactions are 
again free radical in nature. 

Probably the most important aspects of radiation as a catalyst are 
(1) its ability to initiate reaction at low temperature; (2) its com- 
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pletely external characteristic (no impurities are introduced) ; (3) its 
ability to initiate reaction in the solid state (polymerization of acryla- 
mide and other crystalline monomers) ; (4) its ability to promote re- 
action at pressures lower than are currently used (polyethylene 
polymerization). 
he most fruitful areas for study with radiation are: 
(1) reactions which are free radical in nature; 
(2) reactions which proceed by a chain mechanism which in- 
sures a good yield ; 
(3) reactions which can be catalysed by ultraviolet light. 

2. Progress in the field of applied radiation chemistry is admittedly 
slow. This is due in large measure to the lack of basic research type 
data on which to base applied research programs. The major effort 
in radiation chemistry for the past decade, not only in the United 
States but in Canada, France, and Great Britain, has been in the study 
of water and its behavior in a radiation field. Since at this time the 
industrial future of radiation-induced chemical reactions lies in 
organic chemistry, greater — should be applied in this field of 
organics. The work of Professor Burton and associates at Notre 
Dame represents one of the few intensive researches into the behavior 
of organic systems in radiation fields. 

In the past most of the work of an applied nature has been conducted 
at the national laboratories and at universities operating under Gov- 
ernment contract. During the past year a number of industrial com- 
panies have set up research projects in radiation chemistry, and have 
purchased accelerators or cobalt sources. General Electric has been 
quite active in this field for a number of years. More recently, Stand- 
ard Oil Development, Dow Chemical, Monsanto, Olin-Matheson, 
Diamond Alkali, Minnesota Mining, and B. F. Goodrich have accel- 
erated their efforts in the field of radiation chemistry. The irradia- 
tion service program at Brookhaven, a good barometer of industrial 
interest in radiation, shows a steady increase each year. 

The pace in general is slow. It is slow because the potential of 
radiation is still not appreciated by many companies. Others, assum- 
ing a “show me” attitude, are waiting for results of major importance 
before committing appreciable quantities of stockholders’ capital. A 
number of potential users of the BNL facilities on a large scale have 
been deterred by the existing patent agreements which must be signed. 
It is believed that a large facility, Government financed, which might 
be rented without any patent restrictions, would stimulate much 
greater interest than is now being evidenced. 

At the present time there are few people technically competent to 
direct or carry out radiation chemistry programs. It is estimated that 
there are only about 50 technical people at the bachelor of science level 
or higher engaged in research in this field, and that half of these are in 
universities or in Government laboratories. 

Another deterrent to progress is the lack of highly intense radiation 
sources to fill an industrial demand. Much development work in the 
construction and operation of a radiation source containing megacurie 
amounts of activity is needed to demonstrate engineering feasibility. 

The whole field is badly in need of a discovery which will stimulate 
the interest of industry and the investment of industrial capital. In- 
terest has been shown in the results obtained in polymerization, halo- 
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venations, and oxidations, but it is not an excited interest. Recent 
work at BNL and in France on graft copolymers which offers new 
and interesting possibilities has stimulated more than mild interest. 
If these initial discoveries can be developed and made commercially 
practical, it is believed the whole program of radiation chemistry will 
accelerate. Many companies feel that a future exists for radiations, 
but are content to wait until someone demonstrates its value in a profit- 
making application. 

Progress could be stimulated by the following: 

(1) Demonstration of a dollarmaking application ; 

(2) Research into the basic radiation chemistry of organics; 

(3) Closer liaison between industry and the Government and 
university researchers on what problems exist, and methods of 
solution ; 

(4) Better publicity for the work being done in radiation chem- 
istry (much of this is lost in the fanfare for power reactors) ; 

(5) Construction of high-level radiation facilities with access 
for industry under a more liberal patent arrangement. 

(6) Closer liaison between workers in the field, those at the 
basic research level, and those at the applied research level. 

3. The question arises quite often as to which source of radiation is 
best, or which type will become more important. This depends to a 
large extent on the application under consideration. It also involves 
the question of econemics, which as yet is not too well defined. 

First there is a question of beta radiation versus gamma radiation. 
The major objection to beta radiation is its limited penetrating powers. 
Its major advantages lie in its efficiency of utilization and lower shield- 
ing requirements. Gamma radiation, on the other hand, has greater 
penetration properties but low utilization efficiency, and higher shield- 
ing requirements. 

Considering fission products as a source of radiation, one has the 
choice of separated versus unseparated material. Unseparated fission 
products should be cheaper and more abundant, but with a variant 
and comparatively short half-life, impose a need for replenishment. 
Separated isotopes would be less plentiful and more expensive, but 
their half-lives are uniform and of long duration. Separated isotopes 
would have to compete with neutron-activated cobalt-60 which has a 
good half-life, 5.3 years, and which can at present be more cheaply 
fabricated in a variety of geometrical shapes. 

Electron accelerators are potential competitors of gamma radiation 
from cobalt-60 or separated cesium and ruthenium, only in the treat- 
ment of films or materials of small thicknesses. As with X-ray ma- 
chines, they have a beam of rather confined area. 

Reactors of all types are potential sources of radiation. If experi- 
ments are carried out in the core, materials can become radioactive 
unless care is taken to shield out neutrons. Usable volumes in a re- 
actor core are severely limited. 

In the case of homogeneous reactors, the radioactive fission gases 
can be ‘separated continuously and used as neutron-free radiation 
sources. The principle has been demonstrated to be feasible, but much 
work is needed before its potential utility can be correctly assayed. 
Fuel elements from any reactor are sources of radiation power, but in 
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addition to serious self-absorption problems, they suffer from all of 
the objections of separated fission products. 

By far the greatest effort in radiation research on an applied level 
has been in the field of polymerization. A large volume of data shows 
that polymerizations are completely free radical and have the general 
characteristics of polymerizations catalyzed by more conventional 
agents. To date no monomer has been found which can be polymer- 
ized by radiation and not by other catalysts. Differences in products 
may be expected from (1) initiation of reactions at low temperatures; 
(2) solid state polymerization; (3) branching and cross-linking due 
to attack on polymer during reaction by the radiation. 

There has been little or no work done on the properties of polymers 
produced in a radiation field. This is due partly to lack of radiation 
facilities large enough to produce sufficient polymer for meaningful 
tests, and to the lack of testing facilities in laboratories where radia- 
tion chemistry of polymerization is being investigated. 

At the present time it is difficult to see how radiation can compete 
in the production of the commercial polymers. In order to obtain a 
better economic appraisal of the situation, work is required on the pro- 
duction of polymers with sources of varying radiation, and employ- 
ing various geometrical designs. Any cost figures today are extrap- 
olations from laboratory-size, tubular-shaped sources of the type 
employed at BNL. 

The fact cited previously that radiation attacks polymer molecules 
during reaction has led to the formation of new type polymers called 
block and graft copolymers. If a polymer is irradiated alone, it 
becomes activated and can undergo crosslinking like polyethylene or 
degrade like Teflon. When this reaction is carried out in the presence 
of a monomer, the monomer attacks the activated site on the polymer 
chain and polymerizes from this site. Copolymers of new and im- 
proved properties can be made in this fashion. Since there is no other 
practical way of carrying out this reaction, radiation may well become 
the parent of a block and graft copolymer industry. Crosslinking of 
polymers after they have been fabricated is possible only by radia- 
tion catalysis, and should find a number of future applications. 

Further work on high-pressure reactions of the ethylene type 
polymerization is also a potential fruitful field. A successful break- 
through in this area could eventually obviate the need for special ex- 
pensive high-pressure equipment. 

Work on halogenation of aromatic compounds at the University of 
Michigan and at Battelle Memorial Institute has demonstrated the 
feasibility of radiation-induced halogenation reactions. The product 
here, “hexachlorobenzene,” is an important insecticide presently being 
made by ultraviolet. The radiation reaction is fast, yields a desirable 
product, and could be made competitive. The use of radiation in this 
and other ultraviolet initiated reactions presents a number of ad- 
vantages. The major of these is the elimination of glass and quartz 
equipment with their inherent fragility. Radiation would permit the 
use of steel equipment. 

Little or no work has been done on other chain-type reactions such 
as oxidation, chlorosulfonation, and nitration, each of which has an 
industrial market. The ability of radiation to initiate at low tem- 
peratures would offer a major advantage if these reactions could be 
made to operate. 
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Another field which has had little investigation is the conversion of 
radiant energy to light energy by the use of phosphors, and utiliza- 
tion of the light energy to initiate reaction. 

A field not mentioned in this discussion is the role of neutrons in 
initiating reaction. Here the application is limited to elements with 
low capture cross sections so that the product may not be radioactive. 
This field encompasses the vast petroleum industry. Chemical trans- 
formations are possible by circulation through a reactor of pure hydro- 
carbons or in mixtures with other chemical agents. Thus it is possible 
to convert benzene and water to phenol, phenol and water to resorcinol, 
or benzene and ammonia to aniline. The yields in these reactions 
are low because they are not chain reactions. However, continuous 
recycling with product takeoff could probably be engineered into a 
working process. 

In general, however, neutrons as a future catalyst will have only 
limited application because of their ability to induce radioactivity. 

A general appraisal of the present status of radiation chemistry 
on an industrial level is that there is moderate but increasing interest. 
The discovery of a money-making application would certainly accel- 
erate the progress manyfold. One step in this direction would be the 
operation of some of the known reactions on a pilot-plant scale. This 
would lift radiation chemistry out of the laboratory curiosity posi- 
tion in which it is presently held. Simultaneously, it would provide 
operating experience which is badly needed and more sensible figures 
for future economic evaluation. 


Rote or Nuciear Enereay tn Process Heat anp Space Hear 


By Eugene M. Zuckert and Charles I. Campbell 
I. PURPOSE OF STUDY 


This study of the possible role of nuclear energy in process heat 
and space heat was undertaken at the request of the Panel on the 
Impact of the Peaceful Uses of Atomic Energy of the Joint Congres- 
sional Committee on Atomic Energy as one of several studies in 
relevant specialized fields. Specifically, the study was to be— 

a brief and crisp description of the kinds of application which are now possible 
or appear likely in conjunction with the development of the peaceful uses of 
atomic energy * * * (toinclude) * * * both the technical and economic aspects. 

It is assumed that future availability of both source materials and 
fissionable materials will be sufficient to permit their use for nonmili- 
tary applications on a scale that is significant to the civilian economy. 
No attempt has been made to assess the validity of this assumption, 
and the study has taken no account of possible limitations of the supply 


of nuclear fuels. 
Il. PROCEDURB 


In the limited time available it has not been possible to make a 
definitive study of the problem at hand. Published literature on the 
subject has been reviewed, discussions have been held with a number of 
individuals interested in the field, and letters have been written to 
scientists and organizations requesting their views on the matter. An 
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inquiry was also sent to 36 firms that were considered likely to have 
an interest in nuclear heat, asking for their attitude and activities 
regarding nuclear heat; and replies were received from 31 of the firms, 
The present paper was prepared in draft and submitted for comment 
to a group of individuals who were believed to be both interested and 
informed in the field, and with the help of their comments this fina] 
draft has been prepared. We owe much to them for their assistance, 
but, of course, cannot expect them to share responsibility for our 
analysis and conclusions. We were gratified to find, however, that 
there was general agreement with our conclusions. A list of the firms 
and individuals who were consulted or contacted in connection with 
this project is attached to this report. 


III. CONCLUSIONS 


Our study indicates that there is no immediately foreseeable eco- 
nomic advantage in the use of nuclear fue!s for either space heating 
or process heating in applications where conventional fuels are now 
satisfactory, and where their costs do not range far above United 
States averages. This conclusion is confirmed by replies received 
from our inquiries to individuals and firms active in the field of re- 
actor development. It seems entirely reasonable to hope, however, 
that during the next 5 to i0 years the recovery of heat from nuclear 
materials will be substantially more economical than at present. It 
is likely that technical developments will simplify plants and pro- 
cesses to the point where nuclear heat. will find application in a wide 
variety of processes. For economy in such applications, it seems 
imperative that the cost of uranium metal and alloy production and 
fuel fabrication be eliminated or greatly reduced. This places em- 
phasis on homogeneous reactors, or fuel elements capable of with- 
standing irradiation to very high megawatt days/ton levels. 

Before nuclear heat can compete with conventional fuels near their 
source (as contrasted with applications in remote locations), a long 
period of development will be necessary. In the meantime, however, 
it seems probable that there are some industrial needs today for heat 
at the cost at which it could be produced from nuclear fuel in re- 
mote locations. Possibly such needs exist even within the United 
States today in areas where fuel costs are high and demands for heat 
are very large. Whether such applications are found depends on the 
extent to which American industry outside of the specific field of the 
Atomic Energy Commission program becomes familiar with and in 
turn confident of nuclear heat. It was gratifying to note among the 
responses to the question that several large chemical companies are 
giving thought to this possibility. 

In addition to applications in remote locations where transportation 
costs favor nuclear fuels, there are, no doubt, commercial manufac- 
turing processes in which the peculiar properties of nuclear heat 
would find application today, if fuel elements and containers could 
be developed to hold the reactions. Reactions at extremely high tem- 
peratures such as the gasification of coal reacted with steam at between 
2,000° and 3,000° F’. are an example. 

Residential space heating does not appear promising because of the 
ns poor of critical size of fuel inventory in small plants on the one 
1and and distribution costs from central plants on the other. How- 
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ever, nuclear fuel for space heating in very large installations may be 
attractive when Sinaareteh greater economy is possible than at present. 
Where a reactor is established for some other purpose, such as research, 
it seems clearly desirable even today to consider its use for byproduct 
space heating. The wisdom of such a plan, all other things being 
equal, — of course on the prospect for continued availability of 
nuclear fuel. Distribution costs for a central system serving indi- 
vidual residences make byproduct heat for community-type projects 
seem doubtful economy. 

In the distant future we see combinations of production and use of 
nuclear energy in industrial processes that cannot now be detailed, 
but which may affect overall economy quite as much as may ee 
ments in the technology of reactors. It has been said that the pork- 
packing industry makes use of all of the pig except the squeal. The 
same concept applied to nuclear energy offers a vision of complex and 
highly integrated chemical plants of the future in which endothermic 
reactions proceed with nuclear heat, perhaps catalyzed by nuclear 
radiations. Byproduct power for operating the plant’s equipment 
would be derived from the nuclear-fired process-steam boilers, and 
fission products in such a fully efficient complex would be recovered 
for sale as tracers (quite possibly a source of credit for power and 
heat generation costs that will be substantial in the future) or for 
other applications of their radioactivity. Of course process control 
in such a plant would be effected whenever possible by the use of 
tracers and other radioactive means. In such an integrated complex, 
the unique aspect of nuclear energy, namely, its associated ~adioactiv- 
ity, is not a liability but an asset, which may be credited against the 
cost of measures to deal with it. When the radioactivity has done all 
it can do in the plant, it is not out of the question that gross fission 
products could be put to further use as sources of heat in certain appli- 
cations. 

6. The technical developments that will result in economy in nu- 
clear-heat extraction are almost entirely parallel to the development 
needed for economical nuclear power. There appears therefore, to be 


no need to establish an independent research program for this purpose. 
However, recovery of heat from fission wastes is a difficult and inde- 
pendent line of development. While much work is in progress to 
develop means for a of fission products, it would be a re- 


markable coincidence if the results of such work were of much rele- 
vance to fission product heat recovery. 

7. In the area of applications for nuclear heat, there is need for 
much imagination and research. It is in this area that the McKinney 
panel may have its greatest impact. It is evident that little effort is 
now going into the reassessment of manufacturing processes in the 
light of the peculiar advantages of nuclear fuels as sources of heat. 
The growing availability of specific technical information on reactor 
technology and economics will have a powerful influence on the rate 
at which these applications are discerned. 


IV. BACKGROUND 


The consumption of energy in the United States for process heat 
and space heat requirements is about 10 percent and 30 percent, re- 
spectively of the total expenditure of the country. In 1947 this 
amounted to about 3,300 x 10" B. t. u.’s for process heai and 
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9,900 < 10% B. t. u.’s for space heat. This entire heat requirement 
could have been met by the complete fission of the U-235 contained 
in about 25,000 tons of uranium. These figures indicate the impact 
that the economical recovery of heat from nuclear fuels could have on 
industrial and space heating in the United States. This paper will 
suggest what the future may hold in this regard. 

A careful study of future trends in demand and supply of energy 
was made for the Atomic Energy Commission by Palmer Putnam: 
Putnam presented analyses that indicated a high probability that 
fuel costs from conventional] sources will increase very substantially 
during the rest of this century. Maximum plausible demand for 
energy in the United States during this period is estimated at nearly 
10 percent in excess of total reserves of fossil fuels recoverable at not 
more than twice 1950 costs. The world reserves are estimated to reach 
a similar situation soon afterward. Demand for process heat is esti- 
mated on the same basis to increase about 5.5 times to 18 by 10?” B. t. u. 
annually by the year 2000. If this growth occurred linearly, it would 
mean a need for approximately 500 new 20,000 kilowatt process heat 
boilers annually, for example. It seems highly probable that during 
the next 10 to 20 years increases in the cost of fuel will begin to alter 
the outlook for nuclear heat even at currently estimated costs. 

Questions of interest are these: What is the likelihood that nuclear 
heat can ultimately be produced at costs competitive with or more 
economically than that from conventional fuels? Are there applica- 
tions even today where the cost of conventional fuels is so high that 
nuclear fuel may compete successfully? Are there processes that can 
be carried out only with nuclear heat sources because of unique re- 
quirements for temperature, absence of combustion, etc.? Under what 
conditions, if any, can nuclear heat be safely and economically brought 
into use for residence heating? We shall try to suggest answers to 
these and other questions. 


V. DISCUSSION 
A. THE ECONOMIC AND TECHNICAL OUTLOOK FOR NUCLEAR HEAT 


1. Comparison of Nuclear and Conventional Fuels 

(a) Energy content per pound.—Neglecting for the moment the 
costs of the devices needed for extracting heat from them, we can see 
some of the relationships among conventional fuels and nuclear fuels 
by comparing their energy content per pound, where, as is well known, 
nuclear fuels have an enormous advantage. In terms of millions of 
B. t. u.’s per pound available, fuels rank as follows: 


Millons of B. t. u.’s 
we per pound 


0. 0176 
0. 0130 


1If all atoms could be fissioned the figure would be 37,500 but in a practical situation 
some U-—236 is formed from nonfission capture. 


(6) Cost per million B. t. u.’s of energy—Continuing to neglect 
problems of extracting heat this enormous advantage of nuclear fuel 
is very much modified, though not erased altogether, when we com- 


2 Energy in the Future, Van Nostrand & Co., 1953. 
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pare the costs per million B, t. u.’s contained energy in terms of the 
fuels at their source; i. e., mine, refinery, well, and delivered to nuclear 
fuel element fabricating plant. Using 1952 prices from the Bureau 
of Mines 1952 Minerals Yearbook, we find the following rough aver- 


ages: 





At point of con- 
ey | sumption cents 


per million 
we B, t. u. 


Bituminous coal mine 
Petroleum: 
Distillate 
Residual 
Natural 
U-235 at current prices 


1 At merchant coke ovens. 

2 New York Harbor. 

3 Estimated, 

4 USAEC recommends $15 to $30 per gram. 


For home heating uses, coal and petroleum costs are even higher 
than these figures. Retail prices in 1952 reached the following max- 


ima (highest month in most costly region) : 
Cents per 
Fuel: million B, t. u. 
Anthracite ($27.88 per ton) (December, Boston) 110 
Bituminous, $21.08 (December, Milwaukee) 
Fuel oil, No. 2 distillate (14.8 cents per gallon) (Buffalo, N. Y.)----- 108 


Taking the energy content of nuclear fuel at 2.76 by 10” B. t. u. per 


pound, it is instructive to calculate what cost per gram would be 
competitive with the conventional fuels from this comparison, and 
having in mind likely actual costs, we can form a rough idea of the 
differential in cost of extraction that could be sustained by nuclear 
fuel without its heat becoming noncompetitive, or conversely the extra 
cost of transportation that would have to be suffered by conventional 
fuels in remote locations before they become noncompetitive. 


Cost at point | » 
; iquivalent 
ofconsumption | {;"935 eost 


Btu). | (er eam) 


Convention fuel 


Bituminous coal: 

Wholesale 

Retail maximum 
Petroleum: 

Residual 

Fuel oil wholesale 

Fuel oil retail maximum 
Anthracite, retail maximum 
Natural gas (United States average) 


_ These comparisons assume that 100 percent of the energy contained 
in all fuels is recoverable. 


2. Influence of transportation costs on fuel comparisons 


We now consider whether the effect of transportation on the cost 
of conventional bulk fuels may allow a favorable advantage to nuclear 
fuel in remote locations. 

Coal transportation costs are not readily generalized from available 
data, but a study of the influence of distance on railroad rates for coal 
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has been made ? which places an increment of about 7.2 mills per ton- 
mile as a reasonable figure in Northwestern United States. This 
amounts to about 234 cents per 100 miles per million B. t. u.’s. In 
terms of a 20,000-kilowatt plant at 15-year amortization each addi- 
tional 100-mile haul of coal would be equivalent to about $200,000 
extra investment, or a million dollars for 500 miles. These are, no 
doubt, very conservative figures to use in reflecting on the effect of 
transportation costs to sites in, say, interior Canada, where reduced 
traffic might increase the rates by several times. Thus the lower trans- 
portation cost would at least partly offset higher costs of nuclear heat 
generating equipment. 

Oil transportation by tanker or pipeline is cheaper. Current rates 
for Texas-New York tankers ave from 29 to 35 cents per barrel,’ or 
about 2.5 mills per 100 miles per million B. t. u.’s. Pipeline costs are 
much higher than this; amortization alone (30-year basis) amounting 
to about 72 cents per barrel from Beaumont, Tex., to Newark, accord- 
ing to investment costs for a projected pipeline quoted recently in the 
New York Times. This is 8.2 mills per 100 miles per million B. t. u.’s, 
or one-third the total average coal transportation rate. 


3. Consideration of the economics of extraction of nuclear heat 

The very substantial differentials in unextracted energy cost between 
nuclear fuels and conventional fuels makes it reasonable to look deeper 
into the question of the comparison of costs of extracting and using 
heat from conventional and nuclear sources. Our hope is that the 
differential in fuel costs may even today, in some cases at least, be great 
enough to offset the high capital costs associated with the extraction 


of heat from nuclear fuels. 

For these comparisons we believe it reasonable to assume fuel costs 
will eventually reach $10 per gram of highly enriched U-235, i. e., 
two-thirds of the minimum recommended today by the United States 
AEC to designers of powerplants. 

Prices quoted today for natural uranium ($20 per pound of metal) 
yield U-235 costs about $6 per gram contained. The same optimism 
would suggest looking toward costs of as low as $4 per gram contained 
U-235. In a reactor operating as a converter, this entire amount of 
contained fissionakle material could be fissioned and perhaps more, 
depending on the effect of longer irradiation on the fuel elements. In 
a partially enriched reactor it is feasible to replace each atom of U-235 
fissioned by perhaps 0.8 atom of plutonium formed in the surround- 
ing U-238. (A thorium blanket could be used to produce U-233 in 
somewhat the same way.) Thus the net cost of the U-—235 burned 
would be in effect 20 percent of the original fuel cost plus something 
for the cost of recovering the fissionable atoms produced. Suppose, 
for example, that the recovery cost were $2 per gram. Neglecting 
losses that would result in a net cost of less than $4 per gram of U-235 
fissioned, assuming U-235 and the recovered atoms to be worth $10 
per gram. 

We may be confident, therefore, in analyses such as these, that the 
use of $10 per gram of fissionable material is reasonable if not actually 
conservative. 


2 Holmes ¢€ Hollowell Co. v. Great Northern Rwy. (69 I. C. C. 11). 
® New York Times, September 11, 1955. 
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Capita] costs in nuclear heat extraction equipment that are of 
peculiar concern to such plants (as contrasted with conventional 
plants) are the following: 

(a) Fuel inventory 
b) Fuel fabrication and recovery 
c) Instrumentation and control 
(d) Shielding 

(a) One of the most serious of these, and one inherent in even the 
best foreseeable designs, is the fuel inventory cost. As a probable 
minimum, we may take an inventory of 1 kilogram corresponding to 
a small home heating unit. Current policy of the AEC is to charge 
fuel inventory at 4 percent per annum. If such an inventory could 
be made to yield a million B. t. u.’s per day (corresponding to winter 
home heating requirements in a typical small home), the contribution 
of the inventory charges alone to the heat cost would be $1.10 per 
million B. t. u.’s, which is obviously out of the question. 

A corresponding calculation for a larger reactor is more encourag- 
ing. Specific powers of 2 kilowatts per gram of U-235 have been 
designed for in reactors producing around 20,000 kilowatts of heat 
(68 million B. t. u.’s per hour) which adds on the same basis as above 
only 7 mills per million B. t. u.’s charged to the reactor inventory 
considering higher specific powers are feasible. These considerations 
show that it is possible to design around the inventory cost at least 
in relatively large plants even though we have here taken no account 
of load factors, etc. We suggest that much smaller plants for space 
heating could be designed with reasonable inventories, though inven- 
tory costs may set a minimum reasonable size that eliminates units for 
individual homes on this count alone, if no other. If we were willing 
to accept an inventory cost of 5 cents per million B. t. u.’s for a plant 
with a capacity of 1 megawatt (a very large hotel), the allowable 
inventory would be 3.75 kilograms. If we could accept only 10 cents 
per million B. t. u.’s for a plant one-tenth this size, i. e., 100 kilowatts, 
the corresponding inventory allowance would be 750 grams which 
would probably be impractical even with 100 percent use factor. 

In a competitive situation where all costs must be borne without 
artificial subsidies by the product, it would be necessary to take account 
of the fact that a substantial fraction of the fuel necessary to maintain 
a reactor is tied up in fuel processing and recovery plants. It is not 
likely that the designs of future reactor complexes will require more 
than two-thirds of the total inventory in process outside the reactor, 
placing a maximum of a factor of three on the estimates above. This 
— the 100-kilowatt plant look quite unattractive, for this reason 
aione. 

(b) Fuel element fabrication and recovery of unburned fuel are 
unavoidable costs in any heterogeneous reactor design, but it is difficult 
to believe that heterogeneous reactors will be the final and ultimate 
choice in economical power and heat reactors of the future unless 
fabrication and reprocessing costs are greatly reduced. In principle, 
at least, homogeneous reactors eliminate the fuel fabrication problem. 
It is conceivable that they will eventually permit continuous extraction 
of waste products. Moreover, if reactor fuel elements can be devel- 
oped to withstand irradiation levels of tens of thousands of megawatt 
days per ton the refabrication problem in heterogeneous reactors will 
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be quite manageable. It seems reasonable to hope that within 10 to 20 
years reactor designs can be developed that will make possible recovery 
and reuse of the unburned fuel at a cost less than the cost of fresh fuel 
and with preparation costs for use in the reactor that are negligible. 

In this connection it is worth noting that Dr. W. B. Lewis, vice 
president for research and development of the Atomic Energy Com- 
mission of Canada, Ltd., was quoted recently as saying: “* * * we 
may expect the overall fuel costs from mining, refining, and prep- 
aration of the fuel to the ultimate disposal of highly radioactive 
waste, to fall well below 1 mill per kilowatt-hour.” ‘This corresponds 
to under 30 cents per million B. t. u.’s. 

(c) Instrumentation and control problems and costs associated 
with their solution have been serious in all reactor designs to date, but 
it must be borne in mind that all of these without exception have been 
experimental designs, and many were, or were feared to be, inherently 
unsafe. In designs of the future, one may expect inherently safe de- 
sign in which instrumentation may be very greatly simplified. Dr. 
Robert Petersen, speaking to this point before the Atomic Industrial 
Forum in San Francisco, April 3, 1955, pointed to the absence of in- 
strumentation in the operation of blast furnaces where control of enor- 
mous quantities of energy at extreme temperature conditions is ef- 
fected by gross means. We feel justified in predicting analogy that 
nuclear energy may ultimately be as simply controlled in its most 
simple and straightforward applications. 

(zd) Dr. Petersen has also considered shield costs and concluded that 
investment costs of the order of 50 cents per kilowatt are not out of 
the question in simple installations of relatively high-power density. 
Allowing several times this amount would not decisively affect the 
comparison between capital costs of nuclear and conventional process 
steam installations. 

In sum then, we believe it is reasonable to look to a day when capital 
costs for fuel fabrication and recovery may be self-liquidating in 
the sense that they will be offset by the difference in cost between pro- 
ducing new fuel and recovering unused fuel. Instrumentation costs 
and shielding costs may also be reduced to a dollar or two per kilo- 
watt. This leaves the question then of the prospect of paying for the 
extra cost of the reactor core and inventory with the savings in fuel 
costs over conventional fuel. 

Let us assume first a 20,000-kilowatt plant supplying process steam 
(68 million B. t. u. per hour) in an area where coal costs are 40 cents 
per million B. t. u., i. e. a little above the 1952 United States average 
price of bituminous coal delivered for coke-oven use. Burned at 87 
percent efficiency this amounts to 46 cents per million B. t. u. Nuclear 
fuel at $10 per gram would amount to about 16 cents per million 
B. t. u., allowing a credit of 30 cents per million B. t. u. This assumes 
no credit taken for production of fissionable material during burnup 
of the fuel. Assuming 80 percent load for the 20,000-kilowatt plant 
yields an annual credit from the cheaper nuclear fuel of $145,000 to be 
applied to the greater fuel inventory cost and the extra capital cost 
associated with the nuclear equipment. We showed above that less 
than 2 cents per million B. t. u. is needed in such a plant to pay for the 
contained inventory ; to be conservative, we may add another 3 cents 
for in-process inventory, leaving about $120,000 per year credit for 
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extra capital costs. At 15-year amortization, this allows $1,800,000 
increased investment cost over conventional equipment or $90 per kilo- 
watt of heat capacity. Conventional equipment for process steam gen- 
eration may cost around $15 per kilowatt yielding a total permissible 
plant cost of over $100 per kilowatt before the advantage of the cheaper 
fuel is overcome, assuming operating costs other than for fuel are 
comparable. It should be understood that this comparison would 
differ if instead of 40 cents per million B. t. u. fuel the United States 
average cost for coal burned in generating electricity were used, which 
in 1953 was near 30 cents per million B. t. u.’s. 

We may summarize our optimism more tangibly by making refer- 
ence to the cost analyses presented at the Geneva Conference for the 
experimental boiling water reactor. The choice of this reactor for 
discussion is arbitrary and the discussion is meant to illustrate only 
in a very general way the kind of cost reductions one might hope for. 
Unit costs for a 40,000-kilowatt reactor producting 9,000 kilowatts of 
power (i. e., 22.5 percent efficiency) are quoted as follows: 


Mille per kilowatt- 
hour electricity 
Capital (20-year amortization) 
Fuel rental 
Natural U used 
Burnout of enriched elements 
Fabrication 
Separation 
Operation 


20. 4-21. § 


We may modify these costs to take account of the following: (a) 
process heat facilities would save about $1 million for electrical gen- 
erating facilities which could be used instead for heat exchangers; 
(b) we envisage fuel costs at $20 per kilogram for natural uranium 
and $10 per gram for U-235; (c) 30 percent of the capital cost of the 
EBWR is said to be for experimental design, and (d) operating costs 
should be reduced when standard and reliable designs are developed. 
The result might look somewhat as follows in terms of process steam 
at the boiler house: 


Cents per Cents per 
million B. t. u. million B. t. u. 


Capital 29 | Separation 

Fuel rental 2| Operation 

Natural U used - 
Burnout Ri ntctremncnmmtamnmas Oe 
Fabrication 

If, for example, fabrication costs could be reduced by use of ceramic 
or oxide pellets and a gas-cycle instead of steam or by much longer 
irradiations of fuel elements, the fabrication and separation items 
could probably be reduced to one-third or more, and the labor and over- 
head item which is rated for the EBWR at about $38 per hour would 
probably drop to one-third as much when the operation of such plants 
becomes routine. 

These changes would reduce costs to 60 cents per million B. t. u.’s. 
In designs which operate as converter reactors, net costs of fuel and 
hence of heat may S lower than has been assumed here. It is clear, 
from the fuel costs that have been discussed here, that such a reactor 
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would find applications in the process heat field. Process steam costs 
deliver ed i in an oil refinery today range from 50 to 75 cents per million 
B. t. u.’s, including distribution costs. Unfortunately, this kind of 
heat is today only adream.. The purpose of quoting such figures was 
merely to show that the improvements needed are not unthinkable. 

Speculation about future cost trends and improvements in tech- 
nology, however informed, remains speculation, but we suggest from 
consideration of an historical analogy that speculations regarding the 
future cost and technology of utilizing nuclear heat should be 
optimistic. 

The trend in the production of Ford motorcars may be taken 
for comparison. According to figures supplied by the Ford Motor 
Co., the cost of a 20- horse} »power model T weighing 1,735 pounds 
was $740 in 1915. A 1955 four-door sedan w eighing B.S 268 pounds is 
rated at 162 horsepower and costs $2,060 (f. 0. b. Detroit in both cases) . 
Before comparing these on a unit-cost basis, the costs must be cor- 
rected for changes in the purchasing power of the dollar. The Bureau 
of Labor Statistics wholesale commodity index shows that the 1915 
dollar was equivalent to about $2.44 in 1955 dollars. 

In equivalent dollars, the cost per horsepower of Fords has dropped 
by a factor of 7 in the past 40 years from $90 per horsepower in 1915 
to $12.70 per horsepower in 1955. Costs per pound have decreased by 
a factor of 1.6 while horsepower per pound has increased by more 
than a factor of 4. 


4. Recovery of heat from fission products 
About 6 percent of the total energy theoretically released by the 


fission process appears as delayed emission from the fission products. 
Thus, the fission products from one gram of U-235 contain about 
5 million B. t. u.’s of energy, most of ‘which will be emitted as beta 
and gamma radiation during the first year after fission. However, 
the rate of energy release during the following few years is still 
sufficient to justify consideration of recovering it for space heating. 
We will discuss this possibility in more detail below. 


B. POSSIBLE APPLICATIONS OF NUCLEAR PROCESS HEAT 


The foregoing analysis has shown no certain or overwhelming eco- 
nomic adv antage today for nuclear sources of heat for conventional 
process steam, though future developments may make the comparison 
with conventional fuels much more favorable to nuclear sources. The 
initial applications of nuclear process heat may, therefore, be expected 
in large plants where either (a) transportation costs favor taking 
nuclear fuel rather than conventional fuels to raw materials or taking 
raw materials to conventional fuels or (6) nuclear heat offers unique 
advantages, e. g., because of its lack of combustion products, its lack 
of need for oxygen, or where higher temperatures are needed than 
are feasible or economically achieved with other fuels. If we are justi- 
fied in believing that nuclear heat will eventually be very much more 
economical than it is now, while conventional fuels will become more 
costly, then ultimately nuclear process heat will find application wher- 
ever process heat in large quantities is required. 
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1, Process heat in remote locations 

Heating applications of nuclear energy may be found first in remote 
locations and only later near competitive fuel sources. The gar- 
vantuan power development by the Aluminum Company of Canada, 
at Kemano, British Columbia, is an example of the eiforts that can be 
justified in order to avoid long transport of bulk ores. Here 1.7 mil- 
lion kilowatts of hydropower is being installed at a cost that will prob- 
ably exceed $300 per kilowatt. A haul of 500 miles at 3 cents per ton- 
mile of bauxite would add over $100 per ton to the cost of aluminum, 
an increase of about 25 percent over the ingot price. 

We have not found it possible to develop in detail either specific or 
detailed examples of possible remote applications of nuclear process 
heat, but a few may be suggested briefly. The development of the 
phosphate rock of Idaho might be carried further into processed phos- 
phate fertilizers at the mines economically. In other days the nitrate 
deposits of Chile might have been processed near the deposits if heat 
could have been made available at reasonable cost. Even today it is 
likely that ore deposits exist in the mountainous regions of Central 
and South America that could be economically developed only by 
taking nuclear heat (and perhaps byproduct electrical power) to the 
mines for refining on the spot. Laterites in Cuba are now exploited 
with power and heat from diesel oil, but a small increase in the cost 
of oil would render the development uneconomical. Nuclear energy 
might in the future permit continued production independently of 
oil transportation problems. An extension of this idea has been sug- 
vested by an economic geologist who believes that one day valuable 
mineral deposits may be found in the Antarctic that could be developed 
economically only with the availability of power and heat that do not 
depend on bulk fuel transportation. In such a development the avail- 
ability of nuclear heat for melting of ice might be the key to success. 

One of the largest users of process heat is the pulp and paper indus- 
try, in which 5 percent of the total value of the product is in the cost 
of fuel and about 2 percent in the cost of electricity. Location of 
combined pulp and paper plants near the wood products might appear 
advantageous with nuclear heat available. 


2. Space heating 


Probably the first peaceful use of nuclear power was the recovery of 
byproduct heat from the first British nuclear reactor to warm the 
buildings at Harwell. There is no question whatever but that useful 
heat for space heating can be recovered as a byproduct from reactors. 
However, the economic use of nuclear fuels primarily for heat is 
another matter. 

It was shown above that high inventory costs make the use of indi- 
vidual reactors for home heating quite unlikely in the foreseeable 
future. Individual residences can therefore be heated by nuclear heat 
only by electricity distributed from a large central nuclear power- 

lant, whith is not, strictly speaking, a part of this study or, by distri- 
ution of steam from a central plant. 

The steam distribution problem was rather thoroughly analyzed by 
Schurr and Marschak in 1950.4 They concluded that in the absence of 


‘Economie Aspects of Atomic Power, Princeton Union Press, 1950. 





302 PEACEFUL USES OF ATOMIC ENERGY 


7 high population densities (of the order of 10,000 per square mile) 
and long and cold winters, the cost of the distribution system itself 
may exceed the cost of coal for residential heating. However, it was 
concluded that in certain large northern cities, particularly Chicago, 
Milwaukee, Boston, Buffalo, and the New York area, residential heat- 
ing from central plants appeared attractive in at least certain districts, 
These conclusions were based on the assumption that steam could be 
generated at investment costs of about $24 per kilowatt of heat gener- 
ated. ‘To this cost distribution costs must be added that may double 
or triple this investment cost, resulting in heat costs that are com- 

arable to or higher than local coal costs at contemporary prices. 

hese comparisons were made on the assumption of 100 percent use 
by the population in the area served. It is clear, therefore, that 
except in very unusual circumstances, nuclear heat does not appear 
attractive for residential space heating. 

It was noted earlier that a heating plant for a very large hotel or 
apartment house with a heating requirement of around 1 megawatt 
would have a small fuel inventory per British thermal unit produced. 
The prospect of producing heat economically in such quantities for 
space heating appears more encouraging. In fact, it is understood 
that the University of Wisconsin has, for some time, been giving 
favorable consideration to a nuclear heat plant to replace the present 
conventional equipment and to provide an important research facility. 
Concern for health and safety hazards reflecting the present state of 
technology and operating experience has been the principal cause for 
hesitation. 

It was mentioned above that the energy remaining in the fission 
ron may be worth recovering for certain applications where small 

locks of heat are required, such as for residential heating. 

The gross fission products from U-235 in a reactor operating for 
1 year at a level of 1 megawatt (i. e., 365 grams of fission products) 
would yield heat at the end of the first year after removal at a rate 
of 710 watts per kilogram from beta radiation (assuming the average 
energy of beta radiation to be about 0.4 mev.). A home-heating re- 
quirement of 1 million B. t. u.’s per day would require a minimum of 
17 kilograms of such fission rolaea. Practical difficulties emerge at 
once because a year later the same fission products would be yielding 
heat at one-half this rate, and at the beginning of the third year 
(fourth year after removal from the reactor) at a rate of about one- 
fourth the original rate. 

To develop this idea slightly, we might imagine an average loading 
of about 32 kilograms of elements of ages 1, 2, 3, and 4 years yielding 
1 million B. t. u.’s per day. To this load fresh elements 1 year old 
would be added every year. The first question of interest is whether 
the anticipated production of fission products would sustain a reason- 
able number of such installations. The future production may be de- 
duced from estimates prepared by the atomic industrial forum for 
the year 1964. These are a maximum of 120 tons per year and a mini- 
mum of 25 tons. Twenty long tons, accumulated for 4 years would 
yield 80 X 10° kilograms which would be adequate for 2,500 fission 
product heaters each providing 1 million B. t. u.’s per day. 

This calculation shows that a plan of this kind would not be ey to 
become a large-scale commercial venture, but on the other hand, it 
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suggests that the fission product disposal problem of the entire coun- 
try might be made virtually self-supporting by recovery of contained 
energy for use in a few installations where the advantages of such a 
heat source would be most significant; i. e., where combustion would 
raise an explosion hazard, where air supply is limited such as sub- 
marines or deep mine heating, or where a simple and eer source 
of heat is needed to protect untended equipment from freezing in 
isolated locations, for example. 


3. Multipurpose reactors 

Some consideration should be given to the possibility that a single 
reactor installation can be used for two or more functions in an indus- 
trial application, thus spreading the costs of common facilities over 
more units of service. In a comparison of nuclear heat with conven- 
tional heat these byproduct materials or services need to be distin- 
guished as to whether i are unique to reactor installations. For 
example, if an economic advantage accrues to a nuclear heat plant if 
power is generated first and the heat derived from turbine steam, it is 
obvious that a similar advantage could be claimed whether the energy 
for the boiler came from fission or combustion. No substantial shift in 
the competition between the two kinds of energy would be expected 
from this kind of combined service. 

However, there are services and materials unique to reactor heat 
that might help reduce its cost in comparison with combustion heat. 
At the moment, these appear to be (a) use of the radiation for sterili- 
zation and pasteurization, and te its use for polymerization or pro- 
motion of other reactions, and °) the use of fission products for re- 
search, for certain industrial applications, or perhaps for small self- 
contained heat sources. 

I is very hard to foresee a time when the cost of processing fission 

roducts for sale as radioisotopes will be so low and the demand so 
high that much can be done to finance reactor heat by the sale of sepa- 


rated fission products. Similarly, the cost of canning the gross fission 
products for heat sources is likely to offset any economic advantage to 
the prety: product from this byproduct. These fields are un- 


developed, however, and almost unexplored, and the future may 
change these conclusions very markedly. 

The case of use of the radiations for sterilization or pasteurization 
looks more optimistic even today. In test facilities spent fuel ele- 
ments from reactors are stored before ane in such a way that 
the intense gamma radiation they emit during cooling can be used for 
experimental irradiations. Laboratory-scale data on the polymeriza- 
tion of ethylene at low temperatures and pressures to polyethylene 
by gamma irradiation from radiocobalt suggest that a 20,000-kilowatt 
reactor providing heat (and perhaps power) for a chemical plant 
might use the gamma radiation from its fuel elements in this way to 
produce from 1 to 2 tons per day of polyethylene. If one assumed 
this was worth a credit to the reactor of 5 cents per pound of poly- 
ethylene, its heat (at 25 percent overall recovery) could then be reduced 
In cost by 1 to 2 mills per kilowatt-hour, or 30 to 60 cents per million 
B.t.u.’s. The uncertainty in this figure is very high and further study 
might indicate that this estimate is either too pessimistic or too opti- 
mistic. This kind of irradiation, of course, can be accomplished with 
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certain advantages by the use of electron accelerators which introduces 
a further complication into rough and preliminary estimates such as 
these. Figures have been published, for example, claiming that large 
capacity electron accelerators could produce polyethylene for an jr. 
radiation cost of from 1 to 5 cents per pound. 

The food industry may prove eventually to have requirements for 
large quantities of fission products for radiation sterilization purposes, 
but too little is known today about the quantities involved to make 
estimates of costs useful. 


VI. STATUS OF CURRENT INTEREST IN NUCLEAR HEAT 


Inquiries were sent to 36 firms that might be expected to have an 
interest in process heat to determine what consideration, if any, had 
been given to nuclear energy ; 31 replies were received. Among these, 
4 referred to specific programs of preliminary investigations, 5 indi- 
cated that the possibilities of nuclear heat were being watched actively, 
and 15 indicated no interest for the foreseeable future. In addition 
to these inquiries, we have learned of other programs or expressions of 
interest in the field. A brief review of current activities of which we 
have information follows: 


A. SPECIFIC PROJECTS 


The 4 positive replies mentioned above included 1 from an air- 
conditioning firm showing interests in space heating “in preliminary 
stages of evaluation,” one from a chemical firm “contemplating in- 


stallation of a reactor for exploration of the field,” the third from a 
large chemical firm which stated that it was developing several elevated 
temperature reactions and now studying nuclear heat for the process, 
and the fourth was from a manufacturer of chemical plants and 
equipment who stated : 

We are confident that nuclear energy will eventually be an economical source 
of heat for general-process heat, and in the near future will be applied in some 


special applications where conventional sources of heat have not proved practical 
or economical. 


Other active projects include the following: 


1. Gasification of pulverized coal 
The AEC is sponsoring studies in collaboration with the Depart- 
ment of Interior (Bureau of Mines) of the use of nuclear energy to 
react coal with steam at temperatures of 2,000° to 3,000° F. The 
rocess is also being studied by a private chemical company interested 
in a source of hydrogen for ammonia synthesis. 


2. Saline water conversion 

The AEC has explored with the Department of Interior the use of 
nuclear heat for saline water conversion. It does not appear likely 
that nuclear heat generated primarily for the purpose will be eco- 
nomical for a very long time. But consideration is being given to the 
use of waste heat from nuclear powerplants for the purpose. 


3. Byproduct space heat from power reactors 
The Army Reactor Branch of the AEC is surveying reactors as 


dual-purpose plants to —, space heat as well as electrical power 
for remote locations. One such plant is currently under design. 
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5. Fission products for small packaged power units 

A study has been made by the Vitro Corporation of America with 
AEC sponsorship of the use of fission product heat for power genera- 
tion in the 1- to 5-kilowatt range. It is concluded that for small remote 
self-contained and unmanned units, such sources of power might con- 
ceivably be practical in a military requirement economy. In any other 
circumstance, costs of power are out of the question. Heat generation 
apart from power was considered to be economically more feasible. 


5. Design of a reactor for process heat. 


The AEC is now considering undertaking or sponsoring the con- 
ceptual design of a reactor specifically to apply nuclear heat to chem- 
ical processes. 


B. TYPES OF INTEREST EXPRESSED IN NUCLEAR HEAT 


1. Space heat 

Several educational institutions are studying the application of 
fissioned heat for space heating in combination with research reactors. 
Among these are Northwestern University, the University of Florida, 
and the University of Wisconsin. 

The American Institute of Boiler and Radiator Manufacturers has 
announced its conviction that reactor heat and fission product heat for 
residential heating are economical possibilities within the very near 
future. The statements we have seen regarding their aoa lead 
us to believe they are far too optimistic about reactors for heat and 
probably too optimistic regarding economical fission product heat. 


2. Process heat 


The following possible applications of nuclear process heat have 
been referred to as being under consideration among the replies to our 
inquiries or in the course of informal discussions: 

(a) Nitrogen fixation by the Wisconsin process. 

(b) Acetylene production by the Wulff process. 

(c) Production of hydrocyanic acid from methane and am- 
monia. 

(d) Copper smelting in a nuclear heated furnace. 

(e¢) Smelting of iron near the source of ore. 

Two other chemical companies stated, without further elaboration, 
that they were beginning to study possible applications of nuclear heat, 
one mentioning high-temperature processes in particular. The Bat- 
telle Memorial Institute and the AEC both mentioned several explora- 
tory inquiries from chemical firms that wished their interest to remain 
business confidential. 


LIST OF FIRMS AND INDIVIDUALS WHO ASSISTED IN THE 
PREPARATION OF THIS REPORT 


Allied Chemical & Dye Corp., New York, N. Y. 

Aluminum Company of America, Pittsburgh, Pa. 

American Cyanamid Co., Stanford, Conn. 

American Potash & Chemical Corp., Los Angeles, Calif. 
American Radiator & Standard Sanitary Corp., Pittsburgh, Pa. 
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The Austin Co., Cleveland, Ohio. 

Babcock & Wilcox Co., New York, N. Y. 

Battelle Memorial Institute, Columbus, Ohio 

Bendix Aviation Corp., Detroit, Mich. 

Blaw-Knox Co., chemical plants division, Pittsburgh, Pa. 

Blaw-Knox, Buflovak equipment division, Buffalo, N. Y. 

Borg-Warner Corp., Chicago, Il. 

Borst, Dr. Lyle B. (chairman, department of physics, New York 
University), New York, N. Y. 

Carrier Corp., Syracuse, N. Y. 

Chrysler-Airtemp division, Dayton, Ohio 

Combustion Engineering-Superheater, Inc., New York, N. Y. 

E. I. Dupont de Nemours, Inc., Wilmington, Del. 

Flagg, John F. (General Electric Co.), Schenectady, N. Y. 

Food Machinery & Chemical Corp., San Jose, Calif. 

Goodrich, B. F., Co., Akron, Ohio 

Great Lakes Carbon Corp., Chicago, T1l. 

Grebe, Dr. John J. (Dow Chemical Co.), Midland, Mich. 

Grinnell Corp., Providence, R. I. 

Haines, J. E. (American Society of Heating and Air-Conditioning 
Engineers, Inc.), New York, N. Y. 

Hercules Powder Co., Wilmington, Del. 

Houdry Process Corp., Philadelphia, Pa. 

Institute of Paper Chemistry, Appleton, Wis. 

International Minerals & Chemical Corp., Chicago, I. 

International Paper Co., New York, N. Y. 

Jeffries, Dr. Zay, Pittsfield, Mass. 

Landis, John W. (Babcock & Wilcox Co.), New York, N. Y. 

Lewis, Dr. Warren K., Cambridge, Mass. 

Mallinckrodt Chemical Co., St. Louis, Mo. 

McBride, Russell S., Washington, D. C. 

National Distillers Products Corp., New York, N. Y. 

National Sugar Refining Co., New York, N. Y. 

Pennsylvania Salt Manufacturing Co., Philadelphia, Pa. 

Petersen, Dr. R. P. (Republic Steel Corp.) , Cleveland, Ohio 

Procter & Gamble, Ivorydale, Ohio. 

Rohm & Haas Co., Philadelphia, Pa. 

Russell, H. W. (Battelle Memorial Institute), Columbus, Ohio 

Starr, C. (North American Aviation, Inc., atomics international divi- 
sion), Downey, Calif. 

Stauffer Chemical Co., New York, N. Y. 

Surface Combustion Corp., Toledo, Ohio 

Swift & Co., Chicago, III. 

Union Carbide & Carbon, New York, N. Y. 

United States Rubber Co., Passaic, N. J. 

Vitro Corporation of America, New York, N. Y. 

Weaver, Charles H. (Westinghouse Electric Corp.), Pittsburgh, Pa. 

Weinberg, Dr. Alvin M. (Oak Ridge National Laboratory), Oak 
Ridge, Tenn. 

Wilson, Robert E. (Standard Oil Co.), Chicago, Tl. 
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CoMMUNICATION From Panet to Atomic ENrercy ComMMISSION 


August 22, 1955 


In connection with the preparation of technical surveys of areas in 
which atomic energy — have peaceful uses of significance and there- 
fore of importance in the study by the Panel on the Impact of the 
Peaceful Uses of Atomic Energy, a survey is being made dealing 
with uses for reactor heat and the heat from fission products other 
than for the generation of electricity, and propulsion. 

It would be very much appreciated if you would have a list pre- 
pared of all related inquiries, studies, or proposals made within the 
Commission or concerning which the Commission has been approached 
by other Government agencies or private organizations. It would 
also be useful if there could be some indication as to whether any 
paper, summary, or other documentary data exists with regard to each 
of these items. 

* * * * * * ~ 


CoMMUNICATION From Atomic Energy Commission 


September 13, 1955 


In answer to your letter of August 22, 1955 * * * there is attached 
a list of the major areas of inquiry in which the Commission is cur- 
rently concerned. These studies are within the cognizance of the 


Division of Reactor Development. 


NUCLEAR HEAT SOURCES FOR OTHER THAN ELECTRICAL POWER FOR 
PROPULSION 


(a) AEC sponsored studies 

1. Joint study with Bureau of Mines, Department of the Interior, 
regarding substitution of fission heat for oxygen in a coal gasification 
process. See reference I. 

2. Joint AEC, Department of the Interior agreement for study of 
application of direct fission heat or waste heat from nuclear power- 
plants for saline water conversion. See reference II. 

3. Government-sponsored study by the Vitro Corp. for utilization 
of fission product heat for small space-heat units. See reference III. 

4. Current AEC consideration for the conceptual design of a re- 
actor to apply fission heat to chemical processes to be supported by the 
Government or on a competitive industrial basis. 

5. Informal discussions within the Commission and with outside 
agencies regarding application of fission heat to other endothermic 
chemical processes such as nitrogen fixation by the Wisconsin process 
and apeti lain production by the Wulff process. 

6. The Army Reactors Branch is surveying reactors as dual purpose 
lants to provide space heat as well as electrical power for remote 
ocations. The first plant is under design. It is also considering 
application of fission heat for large-scale snow melting. 
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(b) Non-Government programs 

1. The Spencer Chemical Co. is currently studying the coal-gasifica- 
tion process described in section A-1. 

2. A private chemical firm has approached the Commission for ad- 
vice regarding the use of fission heat for production of hydrocyanic 
acid from methane and ammonia. 

Nore.—Some chemical corporations which have approached the 
AEC have requested that their interests in their specific processes 
be treated as “business confidential” for the time being. 

3. Several educational institutions, including the eee Se 
University and the University of Florida, are studying application of 
waste heat from research reactors to space heating. 

4. The Dow Chemical Co. has indicated its plans to study the 
application of nuclear heat and nuclear fission radiation to direct 
aed processing. See reference III. 


REFERENCES 


I. Gasification of Pulverized Coal With Steam and Oxygen, G. R. 
Strimbeck, et al., United States Department of the Interior, Bureau of 
Mines, report of investigations 5030, February 1954. 

II. Third Annual Report of the Secretary of Interior on Saline 
Water Conversion, January 1955. 

III. KLX-1735—Review of Fission Product Heat Sources for 
Power Generation in the 1-5 KW Range, Vitro Engineering Division, 
November 1954. 


* * * * * * * 


CoMMUNICATION From PANEL To AToMIc ENERGY Com™mMIssION 
September 27, 1955 


This is in reference to your letter of September 13 * * * 

The list of major areas of Commission interest attached to your 
letter was responsive to our letter of August 22. It would now be 
helpful if some additional statement on each of the items contained 
in this list as to the status, prospects, financial arrangements and 
other pertinent information concerning these items could be prepared 
for the use of the panel * * * 


CoMMUNICATION From AToMiIc ENERGY COMMISSION 


October 20, 1955 


Your letter of September 27 requested further information on the 
list that we had furnished to you earlier of projects involving the use 
of nuclear energy for purposes other than propulsion or the 
generation of electrical power. 

Consideration of the use of fission nney for these purposes, par- 

a 


ticularly the application to direct chemical process heating, is in its 
earliest stages. It is therefore not possible to provide more detailed 
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information at this time on all of the programs listed in [the Commis- 
sion’s] letter of September 13. Some additional information on spe- 
cific items is attached. 


1. COAL CLASSIFICATION——-BUREAU OF MINES, AEC 


Joint study with the Bureau of Mines, Department of the Interior, 
regarding substitution of fission heat for oxygen in a coal gasification 
yrocess : 
| This program is based on the following premises: 

(a) From the standpoint of economics, nuclear fission may soon 
be an attractive heat source for process industries although for- 
midable developmental problems do exist. 

(6) Future fuel costs trends will improve the economic position 
of fissionable fuels. 

(c) The process heat reactor concept may be widely applicable 
in the national economy. 


It is proposed, as an initial step, to invite all private and govern- 
mental agencies who have indicated interest in this development to 
meet in Washington. A firm program will be outlined after the type 
of industrial participation has been determined. 

A letter of agreement between the agencies has been drafted and is 
under study. 

The AEC has arranged with its contractor, the Phillips Petroleum 
Co., to irradiate representative sainples of coal and coal ash in the 
materials testing reactor to determine probable levels of activation of 
the product stream. The Bureau of Mines at the Appalachian Experi- 
ment Station in Morgantown, W. Va., is designing a facility to carry 
out small-scale tests at high temperature of proposed fuel element 
shapes in the process stream to determine rates of erosion and patterns 
of slag flow. 


2. SALINE-WATER CONVERSION 


Joint AEC, Department of the Interior agreement for study of 
application of direct fission heat or waste from nuclear powerplants 
for saline water conversion. (See reference IT.) 

A direct liaison is carried out between the saline water conversion 
program and the Commission. As a result of that liaison, the follow- 
ing conclusions have been reached : 


(a) Direct use of nuclear fission for separation of salt from 
water is not foreseen at this time. 

(5) Either heat or electrical energy produced by reactor plants 
could be used in various demineralization processes. However, 
as this energy is now no less costly than that from conventional 
sources, there appears to be no advantage in considering its use 
for this sd ae at this time. 

(c) This source of energy should be used in any established 
demineralization process only if its gross cost allocable to the 
process is less than the cost of other available energy at the site. 


However, either the reduction of cost of energy from reactor plants, 
which may be achieved in the rapidly developing program of indus- 
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trial uses of nuclear energy, or the successful development of vastly 
improved demineralization processes could modify these conclusions 
significantly. 


3. ARMY PACKAGE POWER AND SPACE HEAT REACTOR 


The Army Reactor Branch is surveying reactors as dual purpose 
olants to provide space heat as well as electrical power for remote 
locatieas The first plant is under design. (See reference IV.) It 
is also considering application for large scale snow melting. 

The need for the program is basically : 


(a) The lack of conventional fuel in isolated areas. 

+?) The prohibitive cost of transporting fuels to these areas. 

c) The enormous quantity of transportation facilities in- 
volved in supplying remote areas with bulk fuel for powerplants 
and space heating. 


A package nuclear powerplant is attractive because of its extended 
operating time for each fuel loading. Even though the initial cost 
seems enormous, the project is economically sound, and in some cases 
the only feasible supply of heat. 

A prototype of a small powerplant is in the final stages of design 
to be constructed at the engineering research and development labora- 
tory site at Fort Belvoir, Va. A lump-sum contract of $2,096,000 has 
been awarded to the American Locomotive Co. for design, construction, 
and initial testing. The contract is supported jointly by the USAEC 
and the Department of Defense. 

This plant will provide information applicable to power and heating 
problems of remote areas as well as training facilities for the operating 
personnnel. 

4. CHEMICAL PROCESS HEAT REACTOR 


The Spencer Chemical Co. has engaged the Nuclear Development 
Corporation of America as a consultant to determine the economic 
feasibility of applying nuclear heat to coal gasification to provide a 
source of hydrogen for ammonia production. 


5. FISSION PRODUCTS FOR SPACE HEAT 


The engineering division of Vitro Corporation of America con- 
ducted a survey of the possible use of fission product heat sources for 
small unit power generation. The purpose was to provide a basis 
for determining whether fission product power sources have sufficient 
military potential to warrant engineering development at this time. 


GENERAL FINDINGS 


Small electrical generating units using fission product heat sources 
have recognized advantages for special military application: 


(a) They represent a source of energy that is self-contained 
and therefore independent of fuel supply problems. 


(6) They can be designed to deliver predetermined power out- 
put, for extended eriods of time ran ing from months to years, 
depending on the decay rate of the fission product. ' 

(d) They lend themselves to remote, unmanned operations. 
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However, weighed against these advantages are the following dis- 
advantages : 


(a) The cost of suitable fission product concentrations are ex- 

tremely high—presently of the order of hundreds of thousands 
of dollars per kilowatt of electrical capacity. 

(6) Availability is low. The total foreseeable potential of all 
fission product power sources can be expressed in thousands of 
kilowatts; and that of specific fission product isotopes, in tens to 
hundreds of kilowatts. 

(c) The energy release cannot be turned off. 

(d) Radiation shielding prevents severe problems for other 
than refined beta-emitting fission product isotopes. 


At present, the foreseeable future for military application of fis- 
sion product electrical power generation as well as a source of heat ap- 
pears limited. This picture would change only if application were 
to be developed centering on the use of fission product decay energy as 
heat, rather than electricity, and in quantities equivalent to watts 
rather than kilowatts. The present outlook for the use of fission prod- 
uct heat is also limited because of the same factors listed. 


CommunicaTIon From R. P. Hammonp, Los Atamos Screntiric 
Laporatory, Ocvoper 20, 1955, Transmirrina Paper, Inrra 


Our consideration of the problem of distilling sea water by nuclear 
energy has become somewhat more of a project than was anticipated. 
It is easy to demonstrate that nuclear heating does nothing for the 


ecenomic feasibility of the supercritical distillation process since this 
process is uneconomical from the equipment standpoint even if heat 
were free. In looking at other processes, however, we have come upon 
the possibility of a new type of reactor as indicated in the attached 
summary. Although this appears to be a feasible nape I wish 
to emphasize that we have done none of the detailed study which would 
be required to verify the first indications. 

I should also like to mention my personal opinion that such a project 
for irrigation purposes would be an unwarranted use of natural re- 
sources since there are other ways of obtaining the same result, 1. e., 
more food. 


DIsTILLATION oF SrA WATER By NucLeAR ENERGY 
By R. Philip Hammond 


The problem of obtaining fresh water from the ocean has been 
studied for many years. All of the many proposed processes, in their 
present state of development, result in a predicted cost of water which 
is uneconomic for all agricultural uses, and for all but the most ex- 
treme municipal needs. These processes all require on the one hand 
a source of energy and on the other an expenditure for equipment, 
and the conclusion seems inescapable that these cannot both be mini- 
mized simultaneously. A minimum energy requirement always re- 
sults in a large expenditure for equipment and vice versa. 

Thus, the solar evaporation method, having no charges for energy, 
requires a prohibitive expenditure for equipment per unit of water 
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produced. The simple distillation method requires a tolerable invest- 
ment but uses fantastic quantities of energy. The vapor compression 
method divides the evils somewhat evenly—the compressors require 
mechanical energy, which can be produced from heat sources on y at 
efficiencies less than about 35 percent, while the heat of the vapor is 
transferred across fairly smull temperature differences, requiring 
large areas of ex ensive heat transfer surface. The supercritical 
distillation method uses little energy, but again requires tremendous 
areas of heat transfer surface because of low temperature differentials, 
This surface must be enclosed in a pressure vessel, and in addition this 
method presents formidable corrosion and scaling problems. The re- 
sult of many studies has been the same—any method so far proposed 
using conventional construction and power costs, results in a cost 
of water of about $1 or more per 1,000 gallons. Even if considerable 
development and an enormous project could be expected to halve this 
cost, the water rate would still be 2 to 4 times what most agricultural 
users could pay. 

Let us examine the question of whether nuclear energy can be uti- 
lized to change this situation. First of all, none of the presently con- 
templated nuclear power projects can make any difference, as all will 
make power which is at least as expensive as conventional power. A 
breeder type reactor, with further development, may eventually be 
able to operate on natural uranium or thorium feed material at a fuel 
cost of about 1 cent per megawatt-hour of electricity. The turbo- 
generator portion of the powerplant will cost about $80 per kilowatt 
of capacity, and unless the reactor, fuel handling system, reprocessing 
plant and waste disposal system can all be built for less than about 
$240 per kilowatt the electric power produced will cost more than 
from a coal-fired plant. Even if they cost no more than the corre- 
sponding boiler plant ($70 per kilowatt) and fuel were free, the power 
would still not be cheap enough to make water much below 30 to 60 
cents per 1,000 gallons, because the proposed methods, using electric 
or mechanical energy, all require extensive heat transfer and other 
equipment, for which the capital costs are at least 20 cents per 1,000 
gallons. This equipment is, of course, balanced against the cost of 
power, for by increasing the amount of heat transfer surface more 
heat can be recovered and less power or energy is required, or vice 
versa. 

Thus, in the vapor compression method we might drive our com- 
pressors with steam turbines (saving the investment on generators 
and motors), and, since fuel is cheap, compress the vapor considerably, 
giving a higher heat-transfer differential and therefore requiring less 
investment in surface. For the supercritical distillation process we 
could use reactor heat directly, not having to convert it into mechanical 
energy at 35 percent efficiency. In both cases we find that the require- 
ments for heat transfer surface and equipment are still too high, and 
that, especially in the latter case, the reactor needed is a high perform- 
ance type, delivering heat at a high temperature (about 800° F. for the 
supercritical cycle). Such reactors require special materials and are 
not likely to be built for less than steam boiler costs. 

So far we must say that power reactors as they can ultimately be 
developed may be used to lower the cost of distilling water somewhat, 
but not enough to be economic for agricultural purposes. One possl- 
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bility remains—since the breeder reactor can burn a very cheap fuel 
it is primarily investment charges that make the cost high. Let us 
vo all the way and choose a process which is very wasteful of heat but 
requires the simplest equipment—simple distillation. Let us build a 
reactor which is a low performance, low cost machine, producing lots 
of heat at low temperatures. Let us use all the difference in tempera- 
ture available between our reactor and the sea water to drive in heat in a 
single effect, giving the lowest requirement for heat transfer surface. 
Then, to keep maintenance costs down, let us evaporate only one-fourth 
or less of the sea water in our still, so that less scale will form and the 
salt will be returned to the ocean in the undistilled portion. 

A brief preliminary study indicates that such a low-performance 
breeder reactor could conceivably be built at very low cost per kilowatt 
of thermal capacity, provided it were extremely large. This result 
appears partly because very large reactors have so little surface for 
their volume that not much more fuel and other materials are required 
than for a small reactor, since there is almost no leakage of neutrons 
per unit volume. The reactor considered is itself an unusual type, 
using a boiling slurry of heavy water. The heavy water constitutes 
almost the entire cost of the reactor, which appears to be less than 
$10 per kilowattt of thermal capacity. Although the quantities of 
all materials required are feasible, this type of reactor has never 
actually been designed, certainly not operated, and costs per kilowatt 
of this order never even contemplated. 

If details of the fuel processing cycle, etc., are successfully worked 
out, however, it is possible that a project could be constructed for 0.6 
to 0.8 billion dollars to produce 1 billion gallons of fresh water per day 
(about 1 million acre-feet per year) at a cost, including amortization, 
replacement and maintenance, operation and fuel, of between 10 and 
15 cents per 1,000 gallons. 

One such plant operating at a hundred million kilowatts would 
produce 3 percent of the total heat produced by man on the entire earth. 
The fuel consumption would be 40 tons per year of normal uranium, 
or the equivalent of 160 million tons of coal. Any attempt to build a 
smaller scale project would raise costs at once, since the reactor would 
cost almost the same at even one-tenth the capacity. 

Once projects on such a gigantic sale are contemplated other less 
radical possibilities appear. For example, a cost estimate by H. M. 
Busey, Los Alamos Scientific Laboratory, has shown that water in 
this or larger quantities could be pumped from the Mississippi River 
into western Texas and even Hyaod esas ta New Mexico at total costs 
up to 15 cents per 1,000 gallons, using conventional equipment and 
power sources. 


ComMMUNICATION From Pane, To Atomic ENErcy ComMIssIoNn, 
December 8, 1955 


In connection with the — consideration of the problem of the 


use of reactors for peacefu 
able a forecast of the possi 
for process heat purposes, 


en it would be helpful to have avail- 
le growth pattern for the use of reactors 
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CommounicaTion From Atomic Energy ComMIssion, 
DeceMBER 29, 1955 


Attached is a copy of a forecast, Nuclear Process and Space Heat 
1955 Through 1980, prepared by the Division of Reactor Development. 
This report is supplied in acordance with your request of December 8, 
1955. 


* * * ” * * * 


NucieaR Process aNnD Space Heat 
A FORECAST, 1955 THROUGH 1980 
Division of Reactor Development, United States Atomic Energy Commission 


December 7, 1955 
A. INTRODUCTION 


The energy of the nucleus is a source of heat for the future require- 
ments of process and space heat. Ninety percent of this Nation’s 
energy is produced from sources whose form is not critical. For in- 
stance, the heat used in petroleum refining can come from petroleum 
itself or from coal, fuel gas, electricity or fissionable fuels. There- 
fore the choice of fuel is based on economic criteria alone. 

A basic assumption in this forecast is that costs of nuclear fuel cycles 
will decline and that the increasing value of the hydrocarbon content 
of the fossil fuels, particularly petroleum, will soon render them too 
valuable for use as sources of heat. 

This forecast of the role of nuclear energy in process and space 
heat is subject to the usual qualifications of long-range projections 
and further restricted by the fact that not more than token amounts 
of nuclear energy have been used for these purposes.. Therefore 
trends of utilization cannot be extrapolated from historical data. 

However, examination of the growth of national energy require- 
ments makes it apparent that nuclear energy will become an increas- 
ingly desirable energy source and that its utilization for space and 
process heat in addition to the generation of electrical power will 
alleviate the demands on other scurce materials. 

This forecast points to the probability that an appreciable portion 
of the newly installed capacity for process heat during the next 
quarter century will be nuclear in character. As much as 44 percent 
of new process heat-production facilities, some 100,000 megawatts, 
may depend on fission heat in the 5-year period between 1975 and 1980. 
Some severe technological hurdles must be overcome to accomplish 
this utilization. These data then recommend a strong research and 
development program to permit nuclear fuel to fulfill its proper role 
in the Nation’s energy input balance. 

An improper utilization of the energy available in nuclear fuel will 
occur if its sole role develops to be in the generation of electrical power 
with the low efficiencies of such plants. It is possible that 85 to 9% 
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percent of the heat from fission can be profitably used in space and 
process heat compared to 35 to 50 percent which is the probable maxi- 
mum efficiency range of the electrical plant. Where electrical energy 
is required for the end use, the lower efficiency will still be limiting 
regardless of the availability of economical nuclear power. 


B. THE BASIS FOR NUCLEAR PROCESS HEAT 


Process steam is available from nuclear plants with current tech- 
nology. This steam will be utilized by process industries when the 
cost per pound of steam produced by fission becomes less than that of 
similar quality from other sources. This will come about through 
declining costs of fissionable material, improvement of fuel-processing 
cycles, less expensive waste disposal, and simplified nuclear reactors. 

An additional barrier to utilization of nuclear fuel exists in the 
area of health and safety. The problem of reasonable cost liability 
insurance must be sdved: 

Full utilization of nuclear process heat will come only when bulk 
exit temperatures of 2,500 degrees Fahrenheit are obtained. The ke 
problem is the necessity of a high-temperature fuel element which 
will retain the products of fission throughout its life in the reactor or 
only release these products at a vanishingly slow rate to prohibit 
above-tolerance contamination of the vcore A stream. Silicon car- 
bide appears to have some potential for such use. 


C. NUCLEAR ENERGY FOR PROCESS HEAT, 1955-80 


A projection of the future national requirements for energy input 
to the process industries requiring heat is shown on chart I, together 
with the forecast role of nuclear energy. 


Assumptions for chart I 


1. The national requirements for process heat input have increased 
during the period 1947-55 at a rate of 5 percent per annum and will 
increase at the same assumed rate boom 1980. This figure is arbi- 
trarily chosen to represent an adjustment downward of the 514 per- 
cent per annum increase in world energy requirements between 1945 
and 1953 (1). This downward adjustment is due to the rapid in- 
crease in electrical generator requirements variously reported to be 
around 6 to 7 percent per annum (2) included in the 514 percent and 
balanced to project United States process heat growth rather than 
total world energy use growth. This is quite an arbitrary assumption. 

2. The base requirements for energy of the process heat industries 
is taken from the 1947 census of manufacturers of the Bureau of 
Census and includes in order of importance by industry group: 


(a) Primary metals. 

(6) Chemical and allied products. 

te) Stone, clay and glass products. 
) Paper and allied products. 


te} Petroleum and coal products. 
(f) Rubber products. 
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This includes energy purchased and does not include the nonprimary 
generation of electricity. 

This base consumption is revised downward by 25 percent to account 
for the diversion of energy to mechanical work and comfort heat 
away from heating processes. 

3. The nuclear plant growth forecast is predicated on the type of 
curve a by W. K. Davis (3) for the utilization of nuclear 
power for electricity. Davis predicts a 10-year incubation period 
followed by a decade during which the fraction of new plant con- 
struction which is nuclear increases from 5 percent to a saturation 
level at 60 percent. 

There has been a later start in process heat reactors and there are 
higher temperature requiremeuts for widespread utilization in the 
industry demanding a more difficult materials technology. These 
factors are taken into account in this forecast in a 15-year incubation 
period from 1955 to 1970. This period will be devoted to design 
studies, materials development programs and operation of nuclear 
pilot and semiworks pranie 

These programs will be spurred by rising fossil fuel costs and may 
be accelerated if these costs rise rapidly. 

Owing to the aggressive technical capacity of the United States 
process industries particularly in the field of chemicals, once the 
thresholds of technical feasibility and economic advantage are past, 
this forecast predicts rapid utilization of nuclear sources. An arbi- 
trary growth rate has been taken as 20 percent of increased require- 
ments derived from nuclear sources from the 15th to the 20th year of 
the future (1970-75) and 40 percent from the 20th to 25th year 

1975-80). 

; 4. No Se has been taken in this study of the obsolescence of 
existing plants and the probability of their replacement with plants 
utilizing new energy sources. 

It should be noted from chart I that if this forecast is verified, the 
1980 requirements for nonnuclear process heat will have increased over 
the 1955 requirement by a factor of three (from 8.3 to 25.0X 10" 
B. t. u.’s per year). Even in the case of 3 percent per annum expan- 
sion, the nonnuclear process heat requirement doubles between 1955 
and 1980. 

Chart II shows new capacity requirements forecast for the next 25 
years. 

* Chart III shows comparisons of several forecasts of the future re- 
quirements of the United States process industries. 

Barnett (4) starts from a lower base in 1947 due to using of 1939 
census groups which results in designating slightly different groups as 
process industries and forecasts an increase from 6.67X10* to 
10.62 X 10" B. t. u.’s per year between 1947 and 1965. The discrepan- 
cies 1n the base points for 1947 data (5.01 versus 5.62 X 10** B. t. u.’s) 
could be resolved by comparing the four-digit census groups. Bar- 
nett’s “other manufacturing” category is not included. Those of 
Barnett’s groups that were included are iron and steel, chemicals, 
stone, clay, and glass, paper and allied and nonferrous. Barnett’s 
total is adjusted downward by the same 25 percent diverted to other 
than process heat by those industries. 
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Putnam’s (5) curves are based on his estimate of 11 percent of total 
United States energy input used directly for process heat and are 
taken from his data projecting United States energy requirements at 
both 3 percent and 1 percent per annum growth in the per capita de- 
mand of the output of energy. 


D. THE BASIS FOR NUCLEAR SPACE HEAT 


The technological accomplishments necessary to produce steam, hot 
water or other working fluids at temperatures adequate for space heat 
from nuclear energy have already been attained. Indeed, at Harwell 
in England and at the Hanford works in this country, waste reactor 
energy has been utilized for comfort heat. 

The basic factor in widespread utilization of fission for such pur- 
poses is that, due to the complexities of the facilities ancillary to a 
reactor, plants of capacities smaller than 100 thermal megawatts are 
probably uneconomic. 

Assuming that the average family dwelling housing 5 persons re- 
quires a 25-kilowatt heating plant (approximately 80,000 B. t. u.’s 
per hour), our minimum plant must serve a community of 4,000 per- 
sons. It must therefore be a central station or district heating plant. 

Some of the factors favoring a large nuclear plant as opposed to 
small units (say 25 kilowatts) for generation of a like amount of 
power are as follows: 

(1) The inventory of fissionable material increases for the produc- 
tion of the same amount of power from multiple units as opposed to 
a single unit, therefore use charges will be greater for multiple units. 

(2) Spent fuel reloading and transportation costs will be higher for 
multiple units. 

(3) Liability insurance costs on small multiple units operated of 
necessity by less knowledgeable personnel will be higher. 

(4) Capital construction costs and plant amortization of the multi- 
ple units will be higher probably overbalancing the distribution costs 
of heat from a central plant. 

Speculating in regard to capital costs alone, a hundred thermal 
megawatt nuclear plant could be built today for about $15 million. 
Allowing an additional $5 million for the heat-distribution system, the 
total would be $20 million. To compare this with a multiplicity of 
25-kilowatt units, only $5,000 would be available for each unit. This 
is not attainable with present technology. 

The conclusions reached are: 

(1) Nuclear fuel, when competitive economically with fossil fuels 
will be applied in district heating plants and will accelerate the trend 
toward the production of space heat from such central plants. 

(2) The widespread utilization of nuclear space heat will require 
production of small reactors costing only a few thousand dollars and 
capable of cheap and ultrasafe operation. The achievement of this 
goal will await a technological breakthrough, the time of which is 
unpredictable 
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Some less tangible factors favoring nuclear central-station space 
heat are: 

(1) Trend toward construction in large blocks to minimize dwelling 
construction costs. 

(2) The general trend toward a literate, urban civilization and away 
from a subsistence existence. 
_ (8) The psychological desire of many Americans to elect to dwell 
in a community with “new atomic heat.” 

(4) Freedom from creating new, high capital cost transportation 
facilities for the additional fossi] fuels required by an expanding pop- 


ulation. 


E. NUCLEAR SPACE HEAT, 1955-80 


In forecasting the growth of district heating in this country, use 
has been made of figures supplied by the operating statistics committee 


of the National] District Heating Association (6). 


Assumptions for chart IV 


(1) During the year 1952, approximately 65 billion pounds of steam 
were delivered to district heat consumers meaning about 80 billion 
pounds generated. 

(2) These figures represent about 80 percent of the industry so 
that a total of 100 billion pounds were generated in that year. 

(3) An average of 1,300 B. t. u. is consumed per pound of steam 
generated giving a 1952 base energy input of 1.3 x 10" B. t. u. per year. 

(4) The historical growth of the district heating industry has 
been 4 percent per annum, but with increased impetus from nuclear 
fuels may increase to 6 percent per annum after 1965. 

(5) The Davis type incubation period for utilization of nuclear 
district heat will last 10 years and the percentage of input from newly 
installed capacity which is nuclear will be 40, 60, sna 80 percent in 
the succeeding three 5-year periods, i. e., 40 percent 1965-70, 60 percent 
1970-75, 80 percent 1975-80. 

The higher saturation rate (80 percent) than in the process indus- 
tries is assumed because of the inherent large size of the district 
heating plant being more adaptable to nuclear power than the diversely 
sized process heat units and the lower temperature requirements. 

Although this forecast shows nuclear power providing approxi- 
mately a third of district heating output, this district heating will 
represent only a few percent of the Nation’s total space-heat require- 
ment. The nuclear contribution to space heat is forecast then as less 
than 1 percent of the total unless an economic small unit is forth- 
coming. 
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CHakrt II 


REQUIREMENTS FOR NEW CAPACITY FOR U.S. PROCESS HEAT 
(5% per annum exp.) 


Btu x 10'S PER YEAR 


65 -70 
YEAR 
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BACKGROUND MATERIAL FOR CHAPTER 9 


(Seminar was held at the request of the panel by the Center for 
International Studies, Massachusetts Institute of Technology ) 


SUMMARY OF SEMINAR DISCUSSION ON INTERNA- 
TIONAL ASPECTS OF PEACEFUL USES OF ATOMIC 
ENERGY 

Ocrozper 27, 1955 

Participants: 

Fred W. Argue, engineering manager and vice president, Stone 
& Webster Engineering Corp., Boston, Mass. 
wae George B. Baldwin, Center for International Studies, 

Francis M. Bator, Center for International Studies, MIT. 

Prof. David Cavers, Harvard Law School. 

Ross W. Davidson, vice president, Ebasco International Corp., 
New York, N. Y. 

Richard S. Eckaus, Center for International Studies, MIT. 

R. Leigh Fitzgerald, assistant to the president, New England 
Electric System, Boston, Mass. 

Dr. John F. Flagg, manager, industrial atomic products studies, 
General Electric Co., Schenectady, N. Y 

Frederick Greene, administrator, Nuclear Energy Department, 
National Research Corp., Cambridge Mass. 

Prof. Everett E. Hagen, Center of International Studies, MIT. 

KE. W. Hicks, Chief, Division of Food Preservation (Physics 
Section), Commonwealth Scientific Industrial Research Organi- 
zation, Australia. 

Prof. Walter Isard, department of architecture and city plan- 
ning, MIT. 

Donald Kallman, the Babcock & Wilcox Co., New York, N. Y. 

Prof. William A. W. Krebs, Jr., School of Industrial Manage- 
ment, MIT. 

Robert McKinney, chairman, Panel on the Impact of the Peace- 
ful Uses of Atomic Energy, Joint Congressional Committee on 
Atomic Energy, Washington, D. C. ; , 

Prof. A. J. Meyer, Middle East Center, Harvard University. 

Herbert Miller, staff director, Panel on the Impact of the Peace- 
ful Uses of Atomic Energy, Joint Congressional Committee on 
Atomic Energy, Washington, D. C. 

Prof. Max F. Millikan, director, Center for International 
Studies, MIT. 

Prof. Thomas H. Pigford, chemical engineering department, 
MIT. 

Prof. Bernard E. Proctor, department of food technology, 

a 
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Prof. Paul N. Rosenstein-Rodan, Center for Internationa] 
Studies, MIT. 

William Ryan, vice president and senior consulting engineer, 
Stone & Webster Engineering Corp., Bostun, Mass. 

Sam Van Hyning, Jr., National Planning Association, Wash- 
ington, D. C. 


1. The role of the peaceful uses of atomic energy in the international 
scene was generally agreed to be one of great significance. By bring- 
ing these applications to other nations the United States could keep 
warm friendships, maintain its prestige, and at the same time demon- 
strate the benefits that accrue from our free form of Government. 
Thus, consideration of the nations’ interest in peaceful uses must be 
based upon the wider and more fundamental frame of reference em- 
bracing the relationships among the military, political, and economic 
aspects of our overall foreign policy. 

It was considered essential that other nations should be encouraged 
to examine their needs for atomic energy in a practical light and not 
be misled by the glamour. Discussion Tiniitell in general agreement 
that in some areas of the world, atomic power might not be a wise 
investment at this time because local economies could not yet be 
adapted to such advanced technologies. On the other hand, the sug- 
gestion was made that multipurpose reactors might be considered for 
installation in such areas. 

The consensus of the group was that medical and agricultural uses 
of atomic energy should be considered high priority areas of research 
for most foreign nations. On food preservation techniques the point 
was made that the packaging problem would probably bar application 
in underdeveloped areas where food preservation could be of great 
importance. This view led to the more general comment that specific 
atomic energy uses had to be fitted into the general economic situa- 
tion of a country, particularly its allocation of investment and other 
scarce resources. 

However, in industrialized or industrializing areas the availability 
of investment capital and even foreign exchange was not thought to be 
a critical problem. 

On the subject of international control the view was expressed that 
bilateral agreements offered more control possibilities than multilat- 
eralarrangements. A general outline suggested was: 

(a) For the immediate future material supplies (receipts and dis- 
bursements) could be managed through bilateral agreements; and 
(5) in the long run (say 10 years), since bilateral agreements will not 
support our present strong position, multilateral arrangements must 
therefore be considered. 

General agreement was expressed to the conclusion that it was im- 
possible to solve our food surplus problem by selling or even giving 
surpluses to foreign nations. The charge of “dumping” would always 
prevent such action. It was also generally agreed that there should be 
no fear of increased competition to United States goods as a result of 
assisting nations to industrialize either through the use of atomic 
energy or otherwise. History always showed a contrary result. 
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(Seminar was held at the request of the Panel by the Atomic 
Industrial Forum) 


SuMMARY OF SEMINAR ON Foreign Power Reactor Fue. Prosiems 


DeceMBeER 7, 1955 
Participants: . 
obert A. Charpie, Assistant Director, Oak Ridge National 

Laboratory. 

Lauchlin M. Currie, vice president, Union Carbide Nuclear Co. 

Gordon Dean, senior vice president in charge of nuclear energy, 
General Dynamics Corp. 

Lawrence R. Hafstad, vice president, research laboratories di- 
vision, General Motors Corp. 

Broderick Haskell, vice chairman of the Board, Combustion 
Engineering, Inc. 

Alfred Iddles, president, The Babcock & Wilcox Co. 

Donald Kallman, nuclear economist, The Babcock & Wilcox 


0. 

Kenneth Kasschau, manager of Atomic Energy, Alco Prod- 
ucts, Inc. 

John R. Menke, president, Nuclear Development Corporation 
of America. 

Morehead Patterson, Chairman and President, American Ma- 
chine & Foundry Co. 

James K. Pickard, consulting engineer. 

Bruce R. Prentice, manager, nuclear systems design study, 
atomic products division, General Electric Co. 

L. z . C. Reichle, director of nuclear engineering, Ebasco Serv- 
ices, Inc. 

Stanley B. Roboff, manager, industrial coordination, atomic 
energy division, Sylvania Electric Products. 

Donald Thompson, Foster Wheeler Corp. 
Ps Charles H. Weaver, vice president, a iddididaiti Electric 

orp. 


The consensus of the discussion group was that potential buyers of 
power reactors in foreign countries could provide a substantial market 
for the United States atomic energy industry over the next decade 
provided restrictive governmental policies on the export of reactor 
fuel did not inhibit exploitation of the market. 

The group felt that a mass market for power reactors would "egal 


ably not develop domestically for about 10 to 15 years, and that a 
substantial export market could provide an important bridge between 
now and the time the domestic market will develop. It was felt that 
this would provide a substantial impetus to the rate of reactor develop- 
ment within the United States. 

_ The consensus was that the foreign market would probably be more 
important initially than it would be a decade or so hence inasmuch 
as by then foreign producers will probably have entered the reactor 
manufacturing business in a substantial way and will be competing in 
the world market with United States producers. 

_ The group felt that if the United States followed a highly restric- 
tive policy in regard to the export of reactor fuel, it would be unlikely 
that the foreign market would ever be very important to the United 
States industry. 
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The group recognized that there is a fundamental dilemma facin 
the United States Government in the development of its reactor fue 
export policies. The dilemma stems from the fact that there is an 
inherent risk in making available large quantities of reactor fuel 
to other countries inasmuch as such fuel conceivably could either be 
used directly, or to produce material which could be utilized directly, 
in the manufacture of atomic weapons. It was felt, however, that 
even a highly restrictive policy on enriched material could only achieve 
a delay in the time by which foreign nations might have available fuel 
which could be diverted to military purposes. It was also felt that if 
the United States did not make any reactor fuel available to foreign 
countries, the definite possibility existed that such fuel would be pro- 
duced by other nations and find its way into the world market. 

Within the framework of the dilemma, but discounting the political 
and international security aspects of it, the group concluded that: 

(a) The United States should impose no restrictions whatsoever on 
the export of natural uranium. Even though restrictions were estab- 
lished they would probably have little effect inasmuch as it is probable 
that there will be a world market in natural uranium fuel in the rela- 
tively near future. 

(6) There should be no restrictions on the degree of enrichment of 
exported uranium fuel inasmuch as there is no such thing as a safe 
degree of enrichment and inasmuch as the degree of enrichment of 
a fuel element may be a significant economic factor in the operation 
of a nuclear powerplant. It is conceivable that enriched fuel, even 
that enriched to very high percentages, can be treated in such a way 
that it is extremely difficult if not impossible to use it directly for 
weapons purposes, but that this treatment is not directly related to 
the degree of enrichment of the fuel. ‘The consensus was that through 
such treatment a delay of approximately 3 to 5 years might be achieved 
before the fuel could be used as a source of weapon material. 

(c) In addition to refraining from establishing degree of enrich- 
ment limitations, the United States should also refrain from insisting 
that all fuel provided to other countries be returned to the United 
States for reprocessing. The view was expressed that the United 
States might offer to reprocess such fuel where the other country 
involved does not possess facilities which might be used for this 
purpose. 

It was pointed out that it is extremely difficult and expensive for 
anyone to build an atomic bomb no matter what materials he may 
have in hand. It was also pointed out that it would probably be im- 
possible for a nation to divert substantial quantities of fissionable 
material from a power industry to weapons use without such a diver- 
sion being easily detected. 

It was agreed that the prices which the United States should charge 
for its fuels sold abroad should be based upon costs of production and 
should not incorporate any subsidies or other financial manipulations 
designed to accomplish a political end. 

There was no strong objection to Government ownership of fission- 
able material as it related to the export of nuclear fuels although it 
was agreed that private ownership would result in an advantage to 
industry in that the export business would be determined solely by 
technological and economic factors. 
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It would be in the best interests of industry for the United States 
Government to announce firm future policies in regard to the export 
of nuclear fuel as soon as possible to permit reactor design activity 
to proceed, : 

In summary, it was felt that the United States at the present time 
possessed a competitive advantage over other reactor and fuel element 
manufacturers inasmuch as it had available important quantities of 
enriched material as well as the most advanced reactor technology 
in the world. Jt was felt, however, that, given time, a number of 
other countries would develop a proficiency in the reactor field which 
would limit importantly the share of the foreign market which the 
United States might expect to have available to itself. The con- 
sensus was that, all other considerations being equal, the early adop- 
tion of nonrestrictive fuel export policies on the part of the United 
States would make it possible for the United States as well as probably 
the rest of the non-Communist world, to realize the full benefit of 
United States leadership in the reactor field. 


REPORT TO THE PANEL ON THE IMPACT OF THE PEACEFUL USES OF 
Atomic ENrErGy 


By Oliver Townsend, Atomic Industrial Forum 


I have been asked to report on some of the problems—as revealed at 
Geneva and elsewhere—which appear to be uppermost in the minds of 
the people of the various nations of the world who are concerned with 


the development and utilization of atomic energy. 

As might be expected, the world atomic energy situation is an 

enormously ete een one, and the problems which exist—or which 
people may think exist—vary markedly from one country to another. 
The problems in Belgium, for example, are quite different from those 
in Pakistan. 
_ Moreover, the time available has not permitted any kind of organ- 
ized survey or study to be made upon which a report such as this 
might be based. What this turns out to be, therefore, is a report of 
some interpretations of some impressions gained by attendance at 
the Geneva conference plus recent visits to several European countries. 
The information produced by the forum’s recent world survey of 
atomic energy development has also been helpful. 

I believe this report might be best approached by more or less arbi- 
trarily grouping the nations of the world into categories, and then 
discussing these categories in sequences. Some nations, however, con- 
stitute categories all by themselves. I shall discuss these first, in an 
order representing their diminishing interest from the standpoint— 
not necessarily of their importance—but rather of what might be 
termed their immediacy. — 


Germany 

Actually, because of the restrictions imposed by the victors of World 
War II, Germany has one of the world’s least developed atomic-energy 
programs. Potentially, however, Germany is in the same league with 
the United States, the Soviet Union and Great Britain, which are 
the acknowledged world leaders. 
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The Paris agreements which ended the occupation of West Germany, 
and which became effective on May 5, 1955, permit West Germany to 
engage in all atomic-energy activities except the production of weap- 
ons. Aside from this, there are no restrictions on German atomic- 
energy development except for a commitment made on November 16, 
1954, by Chancellor Adenauer to the Foreign Minister of Great Britain 
to the effect that Germany would limit her nuclear reactor capacity to 
10,000 kilowatts of heat and her acquisition of fissionable materials 
to 3,500 grams per year for a period of 2 years. Since May 1955, 
therefore, the Germans have been free to gather all the information 
they may want and to make all the plans they may wish to make 
concerning the peaceful development of atomic energy. They have 
also been free to begin construction on research reactors so long as 
the total installed capacity does not exceed the levels mentioned in the 
Adenauer commitment. After November 1956, there will be no re- 
strictions whatsoever on peaceful atomic-energy activities on the part 
of Germany. 

In a setting like this, it is not surprising that the Germans above all 
else are interested in making up for lost time. Their overall long-term 
goal is clearly to build up an atomic-energy industry in Germany that 
can meet Germany’s own needs for atomic power and other atomic- 
energy products and also compete successfully for a substantial share 
of the world market. In trying to achieve this goal Germany’s main 
handicaps are (1) her late start and (2) a lack of uranium (her 
rich deposits lie in the East Zone and are now being exploited vigor- 
ously by the Russians). Her main assets are her technological com- 
petence and her industrial capability. 

What, then, are Germany’s caeblaae! One, obviously, is: “How 
can we get the most information soonest?” This is being answered in 
several ways. In an effort to produce her own information, Germany 
is starting a national atomic-energy laboratory with a reactor at 
Karlsruhe. Also, a number of industrial groups (including one com- 
prising most of Germany’s “big industry”) are planning to sponsor 
reactor and research work and component and materials manufacture 
as soon as possible. Farbwerke Hoechst has already announced it is 
going into the heavy water business. Also, a number of state and 
university projects are being developed. 

But Germany wants and needs more than this. She also wants to 
have the benefit of what the rest of the world has been doing during 
and since World War II. In this regard, the Geneva Conference was 
very helpful. It provided an excellent concentrated bird’s-eye view 
for the Germans, who were on hand in force. 

But even Geneva was far from adequate. It provided a bird’s-eye 
view, but did not provide the details needed by technologists ready 
and eager to go into atomic energy in a big way, particularly tech- 
nologists who feel they do not have time to make mistakes or do any- 
thing needlessly repetitious. 

Germany consequently is extremely interested in learning all there 
is to know about American and British developments—and probably 
also Russian, although they are not so inclined to say this to an Amer!- 
can—in atomic energy. In the case of the United States, what is 
needed to become privy to American developments is a bilateral agree- 
ment plus the purchase, under that agreement, of several United 
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States reactors. This the Germans want very much todo. They also 
want to obtain patent licenses and make other commercial arrange- 
ments with United States firms under which they can produce, use, 
and sell American-developed equipment. There is much evidence that 
they also wish to make similar arrangements with Britain. 

Another problem facing Germany is: “Where can we obtain fuel?” 
As long as Germany buys research and power reactors from abroad, 
the fuel will probably come with the reactors, allocated by the United 
States and United Kingdom. It would also seem likely that the United 
States and United Kingdom would allocate sufficient uranium to Ger- 
many to support a modest research program. Where Germany may 
hope to obtain a large continuing supply of uranium for a German 
power industry as a substantial hoped-for export business is a diffi- 
cult problem. If there is an international agency with complete au- 
thority over fuel supplies, obviously Germany would have to look 
there for her uranium. Otherwise the Germans will almost un- 
doubtedly try to make arrangements with uranium and thorium pro- 
ducing countries such as Belgium, India, Brazil, Portugal, and South 
Africa under which German technology might be traded for fuel. 
The fact that East Germany contains uranium will also probably be 
constantly in West German minds. Another possible sclution would 
be the mining in West Germany of low-grade deposits now being 
found, but the economic feasibility of this is yet to be ascertained. 

Related to the problem of uranium supply is the problem of deter- 
mining whether or not to use enriched or natural uranium fuel (or 
both). It is conceivable that Germany will want to experiment with 
enriched uranium reactors, and may therefore want a guaranteed con- 
tinuing supply of U-235. If she can’t get this from one of the present 
producers (United States, United Kingdom, or Russia), she will be 
faced with the temptation to build a gaseous diffusion plant or some 
other kind of U-235 enrichment facility. Of all the nations of the 
world outside of those which already have such facilities, Germany 
is the most likely to have the industrial and technological competence 
to build a U-235 enrichment plant. She could probably do it without 
outside aid, either in Germany or in some other part of the world. 
Whether she attempts it or not may be decided on economic grounds. 

Still another problem for Germany is that of setting up an admin- 
istrative organization to supervise atomic-energy activity in Germany, 
and of adopting a basic law spelling out the relative roles of industry, 
government, and science. Here all the questions, so familiar in the 
United States, of patent rights, private ownership of materials and 
facilities, information control, and so forth, are being encountered. 
Last summer the plan was to have the legislature during its current 
session this fall and winter adopt a basic atomic-energy law for Ger- 
many. 

Yet another problem for Germany is that of determining her atti- 
tude toward the idea of a Western European Atomic Energy Com- 
munity, similar to the Coal and Steel Community. This matter is 
being discussed by the European Council of Ministers, and Germany— 
along with Belgium, France, Italy, and the Benelux countries and pos- 
sibly others—must decide whether it is to be pursued. By entering 
into such a pool Germany would gain access to a pooled fuel supply 
but in return would undoubtedly have to give up some of her eco- 
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nomic and possibly also political autonomy in the atomic-energy field. 

Besides the problem facing Germany herself, there are also prob- 
lems facing the rest of the world in relation to Germany. Thus the 
United States, United Kingdom, and others must decide what kind of 
an atomic-energy program they would like Germany to have and 
what means, if any, are available for producing such a program in 
Germany. It would seem fairly clear that the United States et al 
would prefer to have a German program that could not easily be con- 
verted into a major source of atomic weapons. How this can be 
managed is a problem of some substance, and consideration of it in- 
volves consideration also of such matters as bilateral agreements, ura- 
nium sale terms, the Atomic Energy Community idea, and the ques- 
tion of international control. 

As Germany becomes more of a factor in the world export market, 
the United States and others also have the problem of deciding 
whether they plan to compete vigorously with the Germans or per- 
mit them to take over a substantial share of the world market by de- 
fault. This raises questions of subsidies, tariffs, trade agreements, 
assistance programs, etc. 

All in all, the problems surrounding the emergence of Germany 
in atomic energy—both those involving Germany herself and the rest 
of the world—are among the most pressing and challenging to be 
found anywhere. 


Italy 


Many of the problems faced by Germany are also faced by Italy. 
There are, however, some important differences. Italy, for example, 
will probably never be such an important atomic power as Germany. 
She will not be able to work toward self-sufficiency so fast, she will 
probably never build up such a large full-scale industry, and she prob- 
ably will never invade the world markets on the scale that Germany 
will. 

Like Germany, however, Italy would like very much to gain the 
benefits of American and British know-how. One way to do this is 
by accepting training, information and research reactor assistance, 
and this Italy is doing. In addition, however, a number of Italian 
companies wish to buy reactors from the United States and Britain, 
primarily, apparently, from the United States, since they feel the 
United States has more to offer, although the relatively “simple” 
natural uranimum reactors that Britain has for sale have a lot of ap- 
peal. The Italians want power reactors and materials testing re- 
actors. With the benefit of these, they hope to learn enough—and 
receive enough patent licenses, etc.—to build an atomic-energy in- 
dustry in Italy that will meet at least Italian needs. Fiat’s an- 
nounced intention to buy a reactor from Westinghouse is an example 
of this. It would seem fair to assume, since Fiat reportedly already 
is licensed by Westinghouse to manufacture Westinghouse-invented 
household electrical equipment in Italy, that the company hopes one 
day to make the same kind of arrangement in the reactor field. Ob- 
viously the first step is to have a reactor. 

To do these things, Italy needs a bilateral agreement with the 
United States. 

One of the problems in Italy is a political one. Italy has no basic 
atomic-energy law. Two bills, however, are currently before the Ital- 
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ian parliament. One would make it mandatory for the government 
to own reactors. The other would permit private industry to own 
them. If the first bill is passed, the character of Italian atomic-ener- 
gy development will be quite different from what present planning 
would indicate. If the second bill passes, however, Fiat’s plans, as 
well as the plans of such other Italian companies as Montecatini and 
Societa Edison will be able to go forward. Interestingly, if no legis- 
lation at all is adopted, the plans of these companies will still be able 
to go forward provided the necessary arrangements can be made with 
the United States (a bilateral agreement permitting such private ac- 
tivity) and possibly with the United Kingdom. 

Another of Italy’s problems, as with Germany, is guaranteed con- 
tinuous access to fuel. Italy thinks she may have some uranium. It 
is too early to say how much, however, and too early to guess how eco- 
nomic it may be to mine it on a large scale. In any event, Italy does 
not now possess the facilities to produce fuel on a large scale (although 
she has a small-scale pilot plant for the production of pure uranium 
metal). She will need to obtain her fuel at least for some time 
from abroad. Here again, as with Germany, the many questions re- 
lated to bilaterals, international control, atomic-energy communities, 
etc., are raised. 

There are also problems facing the rest of the world in relation to 
Italian atomic-energy development. The main one, of course, is what 
to do about the fact that Italy one day will be producing and pos- 
sessing plutonium, which presumably might be diverted to a warlike 
use if not properly controlled. Italy will probably not reach this 
stage before Germany, however, and therefore whatever solution there 
may be to the German problem will probably also apply to Italy. 
Italy, unlike Germany, probably never will be able to produce U-235 
within her own borders, although she might be a useful member of a 
group of nations that together could produce U-235. 


Japan 


Japan completes the triumvirate of the defeated of World War IT, 
a triumvirate whose resurgence is coinciding with the emergence of 
the peaceful atom on the world industrial and commercial scene. It 
would be interesting, indeed, to know in advance what effect these 
two more or less concurrent developments may have on each other 
as time passes. 

The situation in Japan is generally similar to that in Germany and 
Italy. That is, there is a general shortage of uranium fuel, a domestic 
demand for more power, and the industrial and scientific capacity to 
mount a major atomic energy industry. 

However, there are also some differences, for the most part political. 
There is in Japan a vocal and influential pacifist group which fears 
the development of a peaceful atomic energy industry in Japan because 
of the possibility that some of its products might be diverted to mili- 
tary ends. There is also an influential nationalist group which wants 
very much for Japan to have a strong atomic energy industry of her 
own which is not tied down by conditions imposed by foreign govern- 
ments granting Japan atomic assistance. It was the combined effect of 
both of these groups which cause article 9 (having to do with hopes for 
cooperation in regard to power) to be left out of the research bilateral 
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the United States has with Japan. The hopes were covered in a sep- 
arate exchange of notes, but this is a device considered by the Jap- 
anese to be less binding. 

As time passes, however, it would be surprising indeed if Japan did 
not undertake an atomic energy program of considerable substance. 
As a matter of fact, Japanese scientists and industrialists are among 
the world’s most active in seeking information about atomic energy 
from the nations with the most experience. 


Soviet Union 


The Soviet Union is less interesting than the three defeated nations 
of World War II only insofar as the partially known is less interesting 
than the totally unknown. Whereas the kinds of atomic energy pro- 
grams to be developed in Germany, Italy, and Japan can still only be 
guessed at, it is now rather well known what the see are capable 
of doing—and trying todo. Namely, besides their weapons program, 
they are building up a full-scale peaceful atomic energy industry rival- 
ing that of the United States in magnitude. It involves power re- 
actors, utilization of waste products, use of radioisotopes, and all the 


rest. 

Obviously the biggest problem facing the world today in the field 
of atomic energy is the fact of the Russian atomic and hydrogen 
weapons programs. That, however, is outside the scope of this report. 
On the peaceful side, there are also some problems posed. They would 
appear to be as follows: 

1. What should be done if the Russians attempt to sell reactors to 
and assist other nations outside the Communist bloc? 


2. Is it —- that the Russians inadvertently might endanger the 


health and safety of people outside of their own country by unwise 
actions in the peaceful atomic field? If so, what should be done 
about this? 

3. Will the Russians participate in some kind of an international 
pool or control scheme? If they do, what kind should it be? If they 
don’t, what kind should it be? If no agreement can be reached, what, 
if anything, should be done about Germany et al. in the meantime?! 


Great Britain 


The main problem facing the United States in relation to Great 
Britain is: “Should Britain be regarded as a competitor or a partner?” 
Right now the British seem to be regarded part of the time as com- 
petitors (power reactor design and sales) and part of the time as 
partners (fuel, the new bilateral, weapons, information classification). 
Some nations now in the market for reactors appear to be trying to 
make the British and Americans compete with each other, apparently 
with the notion that more information and assistance can be broken 
loose that way. A notable example is Germany, whose industrial 
buyers are not hesitant to let Americans know that they are also talk- 
ing to the British. p 

Some of the questions for the United States that are raised by this 
basic competitor-or-partner problem are: , 

1. If the United States were to compete so successfully with Britain 
that Britain were practically driven out of the world market, would 
this work for or against the best interests of the United States? 
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2. If the United States deliberately tries to leave a prominent place 
for Britain in the world market, would this work for or against the 
best interest of United States business? 

3. Is there a big enough world market for atomic equipment to 
absorb all of the production of the United States, Britain, and possibly 
also Germany and others! If not, can such a market be developed? 
What needs to be done to develop it? 

There are also some interesting rere facing Britain herself in 
the atomic-energy field. Not the least of these is the fact that the 
British Isles contain no uranium worth speaking of. Therefore, 
Britain must import her atomic fuel. In the past she has done this 
through the Combined Development Agency of the United States 
and the United Kingdom, which has purchased the uranium for the 
weapons factories of the two countries. In the future, however, 
Britain is likely to run into a few difficulties in regard to uranium 
supply. It would seem fair to assume that her suppliers will have no 
objection to providing uranium for weapons, or for Britain’s own 
power needs, which are likely to be substantial. But there may be 
some difficulty on Britain’s part in negotiating for a continuing sup- 
ply of fuel for the reactors Britain hopes to export. Maybe a series 
of “triple plays” can be worked out between Britain, the uranium 
supplier and the reactor buyer which will keep everyone happy. Or 
maybe, by trading know-how, etc., Britain can arrange for a continu- 
ing uranium supply from countries like Portugal and Australia. 
One thing certain: The problem in the future will be somewhat 
different than it has been in the past. In many respects, the problem 
is similar to that of Germany, which is also a have-not country, but 


it may be eas in Britain’s case because of her many ties to the 


Commonwealth and other potential suppliers. 


France 


France, without assistance from the United States or United King- 
dom, has built up an atomic-energy program of her own which is 
capable of producing uranium fuel, power reactors, isotopes, and 
plutonium. Her problem now is to decide whether to continue alone, 
and thus run the risk of being outstripped by Germany, Italy, et al., 
or whether to try to negotiate for American and British assistance, 
which might involve commitments France will not wish to make. 
France could go it alone, if she chooses, because she has demonstrated 
that she has the technological capability to do so. She also has some 
uranium in France, and ica recently discovered deposits of uranium 
and thorium in Madagascar. 

France is also at the moment faced with the question of deciding 
whether to go into the encore psn enerae business, now that plu- 
tonium is becoming available from her reactor program. Such a 
diversion would doubtlessly delay progress on the peaceful side. 

France also, like the other Western European countries, is con- 
cerned with the problem of whether an Atomic Energy Community 
of Nations be established. Actually, there seems to be more enthusi- 
asm in France for such a community than in most other European 
countries. 

__ For the rest of the world, the main question France poses is what, 
if anything, should be done if France decides to make weapons. Up 
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until now the French have followed a role in atomic energy calcu- 
lated to cause no embarrassment or trouble for the United States and 
United Kingdom. She purged her program of the Joliot Commu- 
nist influence, she has not helped any nation or sold processed uranium 
fuel to any nation that the United States and United Kingdom 
would not approve of, and she has consistently reaffirmed her lack of 
interest in weapons. The weapons policy is presently, however, under 
reexamination within the French Government, with pressure de- 
veloping from the military for at least a token quantity to be made. 
Conceivably, at any time France could take other steps as well that 
could be embarrassing to the United States and United Kingdom. 
It is to her great credit, of course, that to date she has not done so. 


The uranium countries 


Here are grouped the nations that are major uranium producers. 
They include—besides the United States and the Communist bloc— 
Canada, Belgium, South Africa, Australia, and Portugal. The big 
questions facing these five countries are: 

1. What will the continuing world market for uranium be? 

2. What will the policies governing uranium sales be in the future? 
Will there be international control? Will there be a free world se- 
curity system in which the uranium countries will be invited to 
participate ? 

3. How can the uranium-producing nations put their uranium 
to work for themselves ? 

Some of the questions facing the United States—and the United 
Kingdom—in regard to these countries are: 

1. How much of their uranium production should the United 


States try to purchase? Should we try to rs | what we need for 


weapons or for weapons plus civilian uses? Beyond that, should 
the United States try to stockpile uranium to keep these producers 
in operation and also to provide a means for keeping control over 
their production and thus keep it out of untrustworthy hands? In 
other words, should the United States try to do what it is doing with 
gold—put a price on uranium that would bring all production to the 
United States? Could the United States afford to do this even 
if it wanted to? 

2. If the United States can’t buy it all, what kind of international 
control system should the United States try to develop to keep tabs 
on free world uranium ? . 

3. What can and should the United States be doing to help the 
uranium-producing countries utilize their own birthright for their 
own advantage ? “Here something is already being done. Belgium 
is receiving help from both the United States and the United King- 
dom. So is Canada, with principal help coming from the United 
States. So is Auspilia—tha beginnings, anyway—with principal 
help outside of the uranium refining field (where the United States is 
helping) coming from the United Kingdom. 

As time passes, some of these questions will become more compli- 
cated because new uranium deposits will probably be found in places 
like Brazil, Mexico, Argentina, Africa, etc. Now the big uranium- 
buying countries are taking virtually all new production they can get, 
with payments in money and seclinelensbal assistance. Will this 
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olicy remain a feasible one as more and more deposits are found? 
if not, what policy should be substituted for it? Can production be 
controlled, for example, through agreement or by some economic 
means # 

As to assisting the uranium-producing countries, this will vary a 
good deal depending upon the country. Belgium can and is doing 
much to hel herself, for example. So is Canada. Australia prob- 
ably also will. South Africa and Portugal, however, will probably 
need more assistance. One problem raised here is whether or not the 
United States and United Kingdom should encourage and assist these 
countries to develop and operate facilities for producing pure metal 
and possible also later on plutonium separation facilities. 


The thorium countries 


These—in addition to the United States—are India and Brazil. 
France also may have substantial deposits in Madagascar. These 
two countries—India and Brazil—are interesting not only because 
they have thorium but also because they are large underdeveloped 
countries with a potentially very large demand for atomic power. 
Some of the problems facing them are: 

1. How can the thorium countries get an atomic-energy industry 
started with uranium so they can begin to convert their thorium 
resources into useful fuels ? 

2. What will the world demand for thorium be ? 

3. How can the thorium countries obtain the information and other 
assistance they will need to start up an atomic-energy industry and 
gain the benefits of the latest research in the thorium reactor field ¢ 

4. What policies should the thorium countries adopt in the sale of 


thorium to other nations? What prices should be charged? Should 
the thorium countries attempt to sell refined thorium or simply 
monazite ore? Should they build U-233 separation facilities? 
The problems facing the rest of the world in connection with India 
and Brazil are generally similar—although not quite so pressing yet— 
as those in connection with the ee countries. One 


of the principal such problems is: Should the rest of the world be 
interested in trying to control the sale of Indian and Brazilian 
thorium outside the borders of those two countries? Should the rest 
of the world be interested in what India and Brazil do with the 
U-233 they may produce later on ? 

Beyond these questions lie the questions raised by the fact that 
these countries are underdeveloped. In addition, they both need a 
new source of power. Thus the approach may either be one of 
simply helping them, or—in view of the fact that they have thorium— 


of helping them to help themselves. They would probably prefer 
the latter. 


The smaller developed countries 


Here are grouped countries like the Netherlands, the Scandinavian 
countries and Switzerland. Most of these nations are greatly inter- 
ested in atomic energy as a source of electric power and Norway in 
addition has given evidence that she is interested at the atom as a 
source of energy for ship propulsion. Their assets and needs vary 
a good deal from nation to nation. On the assets side, for example, 
the Netherlands has a relatively strong industrial complex led by 
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Phillips Co. of Eindhoven; Denmark has a strong scientific com- 
munity; Sweden has some low-grade uranium deposits plus a sub- 
stantial industrial capability. 

None of these nations, however, is in the same league industrial] 
with the United Kingdom or Germany. None of them, probably, will 
be able to meet all of their own needs in atomic energy. Some of them, 
however, will probably be able to meet part of their own needs and 
even, in some cases, export some items of material or equipment. An 
example is the Netherlands, where the Phillips Co. will almost cer- 
tainly play a leading role in the world development and use of atomic 
energy. (The company is now trying to trade its present European 
rights to the original Fermi patents—which have only a year or two 
to run, however—for patent rights to developments in other 
countries. ) 

Actually Belgium is also included in this category, but has already 
been discussed above as a uranium-producing nation. Except for 
Belgium, none of the smaller developed countries of Western Europe 
have uranium in any substantial quantity. One of the principal prob- 
lems facing them, therefore, is that of gaining access to the latest in- 
formation being produced by the major atomic energy countries. 
Then they must find a way of meshing their own strengths (and using 
them as bargaining points) with the materials and information they 
need from abroad and developing the best possible atomic-energy 
program for their own market and for export. 

For the rest of the world, the problems connected with the smaller 
developed countries might be described as follows: 

1. How can their demand for fuel be met most efficiently and with- 
out undue risk to world security ? 

2. What conditions should be imposed on these countries if they 
are provided with fuel? Should, for example, they be permitted and 
encouraged to develop fuel fabrication, uranium processing and plu- 
tonium separation capability ? 

3. How can information be provided them most effectively? By 
bilateral agreements? ‘Through an international agency? Should 
they be provided with all information possible under security rules, or 
should there be “trade secrets” withheld or provided only if condi- 
tions are accepted ? 


The underdeveloped countries 


Here are grouped the great and heterogeneous mass of peoples and 
nations and territories whose industrial development has not begun 
to approach its full potential. The grouping includes places like 
Indonesia and Pakistan, Algeria and the Philippines, Mexico and 
Egypt. It also includes to some extent such fairly developed but 
generally underprivileged areas as Spain and Greece. 

The big question here is: What can the atom do for these countries! 
Is it the answer to all of their ills? Is it part of the answer? If so, 
just how much of an answer is it? And what must be combined with 
atomic assistance to make that assistance meaningful? Should 
atomic aid be an isolated thing or should it be integrated into a general 
aid program ¢ 

Some other related questions are: If the great atomic nations are to 
help the underprivileged, just how should they go about it? Should 
it be done bilaterally or multilaterally? Should it take the form of an 
effort to help these countries to build up their own atomic capability, 
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or shone it consist mainly of an effort to do all things atomic for 
them 

It should be remembered that there are two classes of underdevel- 
oped countries: Those with uranium or thorium and those without 
uranium and thorium. The one group has a bargaining position; 
the other does not. In the case of the “have” group, discussed above, 
what they want is information and financing to assist them in de- 
' yeloping and using their own resources. In the case of the “have- 
not” group, what they want is everything. They want information, 
they want fuel, they want training, money, consultation, advice. They 
even want an estimate as to just what atomic energy can do for them. 

The problems for the United States in regard to these peoples are: 

1. Does the United States want to help them? 

2. What kind of help should be given them and to what extent 
should it be granted ? 

3. What place, if any, does atomic energy have in this aid picture ? 
What is the best way to integrate atomic energy into any aid program 
that might be adopted ? 

There is also the possibility, in connection with the underdeveloped 
countries, that private capital from the industrial nations will go 
there to develop atomic energy so that some useful industrial purpose 
might be served, such as the mining of a new mineral, the sterilization 
of some tropical crop, the irrigation of some barren land or the power- 
ing of a new plant. One question, therefore, is: What if anything 
should the United States and its friends be doing to encourage private 
capital to flow into these underdeveloped areas to make possible 
progress in atomic energy ? 


The completely underdeveloped areas 

Here are grouped such regions as the Arctic and Antarctic, central 
Africa, the Amazon Valley, the Sahara. These areas should not be 
overlooked in an era when an entirely new, almost limitless source 
of energy is available. The obvious question ere is: Can the atom 
be used in any way to make these regions habitable and/or productive? 


THE U-235 VERSUS NATURAL URANIUM PROBLEM 


Related to much of the above and running all through it is the 
problem of whether it is better for most of the world to start building 
natural or enriched uranium reactors. There are two main producing 
centers for reactors in the Western World. One is the United States; 
the other is Great Britain. The United States has enriched reactors 
for sale (e. g., PWR and BWR) and Britain has natural uranium 
reactors te g., Calder Hall). 

All through the world potential buyers of reactors are trying to 
decide which kind it is better for them to have. 

The Calder Hall type has a strong appeal. It is simple, for one 
thing. For another, it permits the buying nation to build up ex- 
perience with natural uranium. This is considered to be an advantage 
by many potential buyers, for two reasons. First, natural uranium 
will presumably for some time be easier to come by in the world market 
than will enriched uranium. Second, if a nation wants to become 
self-sufficient, natural uranium fuel will be easier for that nation to 
produce than will enriched material. Most nations will not want to 
(and probably couldn’t even if they did want to) build uranium 
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isotope separation plants because of the investment required in terms 
of materials, skills, and money. Thus, if they develop a competence 
in enriched reactors and come to rely on them, some of them fear 
they will always be tied to the U-235 producing nations for their fuel 
supply. They don’t like this (1) because they feel conditions may 
be imposed they cannot accept, (2) because they feel they would be 
at the mercy pricewise of the seller, and (3) because they feel their 
supply maight he cut off at any time. 

he enriched reactors, however, also have advantages. They are 
more compact and they can use light water as moderator, for example. 
Many United States manufacturers feel that the enriched reactor has 
already made the natural uranium reactor (for power purposes) 
obsolete. 

Pertinent to all this is the fact that there are two ultimate fuel 
cycles in the atomic energy business, at least so far as fission is con- 
cerned: the U-238-plutonium cycle, and the thorium-U-233 cycle. 
With this fact in mind, one can begin to see some of the questions 
facing the United States and other countries in regard to reactor 
selection and the U-235 versus natural uranium problem: 

1. What reactor type—enriched or natural—is a better way to begin 
to work toward one or both of the two ultimate fuel cycles? Or is 
there another still better way? 

2. How good is plutonium as an enrichment agent, instead of U-235? 
Should the United States perhaps be designing and building a few 
reactors using plutonium as an enrichment agent (whether 2 percent, 
20 percent, or 90 percent) to demonstrate technical feasibility ? 

3. Can a U-235 enriched reactor be converted to a plutonium en- 
riched reactor without difficulty ? 

4. Should the nations of the world think of building U-235 separa- 
tion plants either alone (like Germany) or in concert (like the pro- 
posed European Atomic Community) if plutonium is a good enrich- 
ment agent? Wouldn’t they be obsolete very shortly ? 

5. Is there really no other effective way of separating uranium 
isotopes besides gaseous diffusion? How does Russia do it? Have 
other possible methods been fully researched? What would the dis- 
covery of a new, simpler way of separating uranium isotopes do to the 
economy of the atomic-energy industry ? 

6. Is the dual-purpose reactor a good way for a nation to start an 
atomic-energy program? Are enriched reactors good dual-purpose 
reactors ¢ 

7. What is the best way to work over from a uranium base into the 
thorium-U-233 fuel cycle? With natural uranium reactors, or with 
enriched ? 

8. Should the United States make a guaranteed continuing supply 
of U-235 and/or plutonium available to the nations of the world 
without commitments that it come back to the United States for re- 
processing? If so, what safeguards (international control?) should 
be set up to prevent its diversion ? 


Starr MEMORANDUM ON INTERNATIONAL DEVELOPMENTS 
December 12, 1955 


Considerable industrial interest in the peaceful uses of atomic energy 
was demonstrated at the “commercial exhibit” at the Geneva Confer- 
ence held in August 1955. Countries represented by the exhibiting 





—— _— OS CO a 


PEACEFUL USES OF ATOMIC ENERGY 339 


equipment manufacturers were almost exclusively those which have 
reasonably well-developed atomic-energy-research programs. 

The United States, United Kingdom, and the Soviet Union are the 
only countries with really mature programs. These three countries 
have available large raw-material resources and are engaged in the 
manufacture of both plutonium and enriched U-235. Each of these 
countries is engaged in the development of peaceful applications of 
atomic energy, including nuclear-power reactors. ’ 

Canada and France have advanced programs and are operating 
extensive research facilities. France now has under construction 
reactors for the production of plutonium and is contemplating future 
developments in power and propulsion utilizing this material. Raw 
materials are available to both countries as are significant industrial 
capabilities. 

Norway, the Netherlands, Sweden, and Switzerland have research 
reactors In operation. Their programs are less advanced than those 
of Canada and France, but have as objectives the development of 
peaceful uses, including nuclear power. 

West Germany, Belgium, and Japan are now moving forward with 
plans for broad-scale research and development in atomic energy and 
industrial exploitation of the field. Under a bilateral agreement 
entered into for this purpose earlier this year, Belgium is receiving 
considerable assistance from the United States in its endeavors, par- 
ticularly in the design and construction of a power reactor. The 
growth of the West German program may be hampered by the fact 
that thus far reserves of uranium have not been proven within the 
country. However, industrial and scientific manpower capabilities 
are high. Japan is also faced with a shortage of uranium, which 
could limit the ultimate size of her effort. 

Programs in other countries in the world are pitched at a lower 
level than those specifically mentioned. On the other hand, indus- 
trial participation is not limited by the scope of the program con- 
templated in each particular country. For example, while the Italian 
atomic-energy program is on a rather limited scale, Italian industrial 
firms have already been engaged in the manufacture and sale of 
nuclear instruments and equipment. 

While the nuclear capabilities of the Soviet bloc are at present 
almost exclusively concentrated in the Soviet Union, the satellites are 
beginning research in this field. If permitted by the Soviet Union to 
undertake independent developments, East Germany and Czecho- 
slovakia have sufficient raw materials and industrial and scientific man- 
power capabilities to develop significant programs in the future. In 
general, the Soviet bloc will probably limit its “commercial” activi- 
ties to markets of political or propaganda value. 

_In the light of the above foreign developments, the potential for- 
eign competition to United States manufacturers for atomic-energy 
markets abroad can be summarized as follows: 


1. Power reactors, including fuel elements 


United Kingdom (present capability including normal uranium 
for fuel; future capability for enriched uranium) ; U. S. S. R. (pres- 
ent capability including enriched material for fuel). 
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2. Power reactor components and controls 

United Kingdom, U. 8S. S. R., Canada, France, Sweden, West Ger- 
many, Norway, Netherlands, Switzerland, Italy (potential in long 
term), Japan (potential in long term), East Germany (potential in 
long term), Czechoslovakia (potential in long term). 

3. Nuclear fuel materials 

United Kingdom (including small amount of enriched U-235), 
U.S. S. R. (including enriched U-235), Belgium, Canada, Australia, 
Union of South Africa, Portugal, France, East Germany, Czecho- 
slovakia, India (thorium), Brazil (thorium). 

4. Fuel element fabrication (supplying own material) 

United Kingdom, U.S. S. R., Canada, France, Australia (potential 
in long term), Union of South Africa ( potential in long term), Bel- 
gium (potential in long term), East Germany (potential in long 
term), Cnaahediovsikie (potential in long term). 


5. Fuel element fabrication (using customer’s material) 
West Germany (potential in long term), Sweden (potential in long 
term), Norway (potential in long term), Netherlands (potential in 


long term), Italy (potential in long term), Japan (potential in long 
term). 


6. Nuclear instruments 

United Kingdom, U. S. S. R., Canada, France, West Germany, 
Switzerland, Norway, Netherlands, Sweden, Italy, East Germany, 
Czechoslovakia, Japan, Australia. 


7. Research reactors 

United Kingdom (including limited amount of enriched U-235), 
U.S. S. R. (including enriched U-235), Canada (no enriched fuel), 
France (no enriched fuel). 


8. Radioisotopes 

United Kingdom, U. S. S. R., Canada, France, Norway, Nether- 
lands. Other countries will develop a limited capability in this field 
as their research reactors become available and possibly as power re- 
actors, either built by their own industries or brought abroad, come 
into operation. 

The United States has concluded bilateral agreements for coopera- 
tion in atomic energy activities with the following countries: 
Effective date Effective date 


Country Country 


July 29, 1955 
July 21, 1955 
i al Aug. 38,1955 


July 19, 1955 
July 25, 1955 
Aug. 4, 1955 
July 12, 1955 
July 28, 1955 


Dec. 27, 1955 
July 18, 1955 
Dec. 30, 1955 
Aug. 11, 1955 
July 27, 1955 
July 21, 1955 
July 19, 1955 
July 18, 1955 
June 10, 1955 
July 21, 1955 
July 21, 1955 


Philippines 
Portugal 


Turkey 
United Kingdom 
Venezuela 


It is anticipated that bilateral agreements will have also become 
effective with the following countries by the end of January 1956: 
Korea, Peru, Sweden, Thailand, Uruguay. 
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Srarr Memoranpum on Estrmatep Execrric Power Capaciry or 
Masor Countries 


The estimated generating capacity as of January 1, 1954, and total 


electric energy production for 1953 are reported as follows for the 
major countries of the world. 


[Kilowatts in thousands; kilowatt-hours in millions] 
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Sratus or Peacerut Users or Atomic ENERGY IN Foreign Countries 


STAFF SUMMARY 


The following is a brief summary of the programs and activities 
of 62 foreign nations in the peaceful applications of atomic energy. 
This is not intended as a detailed study but rather as a general survey 
of the level of development to date in each country. 

Argentina 

A National Commission of Atomic Energy was created in Argen- 
tina in May of 1950. It was reorganized in October 1955 following the 
change of regime. A Commission group has been engaged in pre- 
liminary reactor design work and the training of a staff looking 
toward eventual reactor construction. In July 1955, the United States 
concluded a bilateral agreement with Argentina. 

Argentina’s efforts in the next several years will be directed toward 
building up of a small corps of personnel trained in research tech- 
nology and engineering. This will be accomplished through par- 
ticipation in training programs abroad and through acquisition of 
research equipment soaer the terms of the bilateral agreement with 
the United States. 

Australia 

In November 1952 Australia established a three-member Atomic 
Energy Commission with broad authority to develop the nation’s 
nuclear resources. The aim of the Commission is to develop a program 
of industrial uses of atomic energy as rapidly as possible. 

A major facet of the Australian program is the search for uranium 
ores, and an ambitious program for recovery is underway. Private 
enterprise has been encouraged to participate in this effort. 
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Research and development is being carried on in conjunction with 
the United Kingdom. Arrangements have been made for the erec- 
tion of specialized laboratories in Australia to enable a wider ran 
of work to be done in the future. Australians have been sent to the 
United Kingdom for training and there has been an expansion in 
the training of scientists at home. In October 1954, it was announced 
that Australia would spend about $12 million during the next 5 years 
on research into industrial uses, in cooperation with the United King- 
dom. An experimental reactor for training personnel in the pro- 
duction of power is now under construction near Sidney and is sched- 
uled to be completed by June 1957. 

Australia has the industrial capacity to support a nuclear develop- 
ment program for industrial purposes. Considering her scientific 
capability, the extent of governmental support, and the potential 
support from both the United States and United Kingdom, Aus- 
tralia should be able to make significant advances toward the develop- 
ment of power reactors within the next 5 years. 


Austria 


There has been little or no atomic energy activity in Austria since 
the war. In January 1955, an Advisory Commission on Atomic 
Energy was created to investigate possibilities of constructing a 
reactor in Austria and to find means of training Austrian personnel. 
Negotiations have been initiated between Austria and the United 
States directed toward a bilateral agreement, and Austria has indi- 
cated an interest in participating in training courses being offered 
in the United States and England. 

Development in the next 5 years will be largely limited to the train- 
ing of personnel and acquiring research equipment. It is probable 
that a small research reactor will be installed within this period if 
foreign assistance is obtained. 

Belgium 

The Belgian atomic-energy program is administered by a division 
of the Foreign Affairs Ministry under the direction of an atomic 
energy commissioner. The program is divided into research and 
applied development. The latter is conducted by the center for the 
study of the applications of nuclear energy, a nonprofit Government 
organization set up in 1952. Belgium is a member of the 12-nation 
European Organization for Nuclear Research. 

Since World War II, Belgium has sold the United States and 
United Kingdom large quantities of uranium produced in the Belgian 
Congo. In return, the United States and United Kingdom have 
assisted in the development of the Congo uranium properties and have 
assisted the Belgian Government in the establishment of an atomic 
research program. In 1951, the United States and United Kingdom 
agreed to assist Belgium in the construction of a research reactor, 
including the training of Belgian experts in reactor technology. The 
reactor is scheduled to be completed early in 1956. 

Belgian private industry is taking an active interest in the develop- 
ment of industrial uses of atomic energy. In 1954, two associations 
were formed under the sponsorship of leading Belgian firms interested 
in industrial applications of nuclear energy. Working together these 
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two associations hope to construct in Belgium a nuclear-powered 
electric plant with a capacity of between 100,000 and 150,000 kilowatts 
by 1960. 

“In July 1955, the United States concluded a bilateral agreement 
with Belgium under which the cooperative program between the two 
countries has been expanded. Under the agreement, the United 
States will furnish Belgium with information on the overall progress 
and economics of power-reactor programs as well as technological 
information required for the construction of specific reactors for the 
Belgium reactor program. The agreement also provides for sale of 
uranium enriched in T2035, natural uranium, and heavy water for use 
in research and power reactors. 

Belgium in the next 5 years, through United States and United 
Kingdom assistance, should go a long way toward establishing an 
atomic-power program. ‘The primary effort will have to be directed 
toward the training of scientists and technicians. The research re- 
actor, which should be in operation in 1956, and participation in the 
various training programs in the United States and United Kingdom 
will help to alleviate this situation. Ultimately, the Belgians hope 
to become exporters of reactor equipment, especially fabricated fuel 
elements. 


Bolivia 
No atomic-energy organization or research program exists in Bo- 


livia. Uranium occurrences have been reported and some prospecting 
for nuclear raw materials is underway. 


Brazil 


Responsibility for promoting atomic-energy development in Brazil 
is vested in the National Research Council, a government agency set 
up in 1951, and more specifically in the council’s atomic energy com- 
mittee. At the present time the council is concentrating on explora- 
tion for uranium and thorium areas and the development of con- 
centrating and refining methods. 

There is specific interest in Brazil in reactor technology and the 
eventual development of a power-reactor program. In August 1955, 
the United States Raa a bilateral agreement with Brazil which 
will make it possible for Brazil to acquire a research reactor. 

Brazil is one of the major monazite (thorium source) and beryl- 
iia countries in the world. An extensive exporation program 
or thorium is underway, and exploration for uranium is also being 
undertaken. A Brazilian firm is active in the mining and processing 
of radioactive materials, and France has announced that it has a con- 
a with Brazil to assist in the establishment of a uranium industry 
there. 

With United States assistance under the bilateral agreement, Bra- 
zil could in the next 5 years develop a basis for a future atomic- 
energy capability. Raw materials prospects could be clarified and an 
orderly raw materials development program inaugurated. 


Union of Burma 


_ In early 1955, Burma established an atomic energy center. Burma 
ls participating in the United States interim program for the peaceful 
uses of atomic energy on a limited basis and the deputy director of 
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its atomic energy center is attending the United States reactor training 
school at Argonne. 


Canada 


The overall direction of the Canadian atomic-energy program is 
the responsibility of a Crown company, Atomic Energy of Canada, 
Ltd., whose stock is owned by the Peston Government. The com- 
pany was originally formed in 1952 to take over Canada’s atomic re- 
search laboratory, the Chalk River Research establishment, from the 
National Research Council which had operated it from 1947, 

In the period immediately following World War II, Canada’s 
atomic-energy program consisted mainly of fundamental nuclear 
research at Chalk River, where the pioneer NRX heavy-water reactor 
was located. In December 1952, the NRX was put out of commis- 
sion by an accident, resulting in a 14-month shutdown; but much was 
learned in the rebuilding operation and modifications resulted in a 
33 percent increase in power. 

The latest stage of Canada’s program, now well underway, is the 
application of the results attained in the earlier research period to the 
use of nuclear energy as a power source. A production and research 
reactor, the NRU, which is expected to have a total heat power of 
200,000 kilowatts and will cost about $30 million is presently under 
construction and scheduled for completion early in 1956 at Chalk 
River. Another reactor, the NPD, is presently being designed and is 
scheduled for completion in 1958 at Des Joachims, near Chalk River. 
This will be a small atomic-power station with a useful electric 
power output of 20,000 kilowatts. Canada also plans to build a small 
materials testing reactor of the swimming-pool type. Canada’s over- 
all program is directed toward the development of a large power 
reactor capable of producing 100,000 kilowatts of electricity. 

Canada works closely with the British atomic-energy program, 
including exchange of personnel and technical data. A bilateral 
agreement for mutual assistance in development of peaceful uses of 
atomic energy was concluded by the United States and Canada in 
July 1955. 

Canada is one of the major sources of uranium in the world. Until 
recently Canadian uranium was sold to the United States as uranium 
oxide, and Canada obtained uranium metal necessary for its reactors 
from the United States. In July 1955, Canada completed facilities to 
produce uranium metal. 

Canada is also one of the world’s major producers of radioisotopes, 
and research in their use in industry and medical research is an impor- 
tant part of the Canadian program. 

As one of the charter members of the atomic-energy business, 
Canada has a well organized, well planned program for the develop- 
ment of atomic energy. It is expected that significant progress toward 
her objective of producing atomic power will be achieved in the next 
5 years. Research work with radioactive isotopes, produced in Cana- 
dian reactors, will continue and will be expanded with the increasing 
production capability resulting from new reactor construction. 


Central America (Honduras, Guatemala, Costa Rica, Nicaraqua, 
El Salvador, Panama) 


There is no atomic-energy research or organization in any of these 
countries. Various scientists including biologists, medical doctors, 
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and specialists in the fields of agriculture and plant nutrition from 
these countries have studied the use and application of radioisotopes 
in their particular field at Oak Ridge and other United States re- 
search centers. The only activity of these countries in the atomic- 
energy field in the next several years will probably be concerned with 
training personnel, through United States programs, in the use of 
radioisotopes and their applications in the fields of medicine, agri- 
culture, and biology. 

Chile 

An Atomic Energy Commission was established by the Chilean 
Government in August 1955 following the negotiation of a bilateral 
agreement for cooperation with the United States. ‘The Commission 
has been instructed to propose to the Government an organizational 
plan and body of regulations to govern its activities. 

Lack of manpower resources is one of the main obstacles to the de- 
development of an atomic energy program in Chile. If Chile par- 
ticipates in the various training programs available in the United 
States and abroad and acquires a research reactor, the country should 
be able to build up a small poet of trained personnel in nuclear 
physics, reactor vochonsbiaiies and the use of radioisotopes and their ap- 


plications in medicine, biology, and agriculture. 


Communist China 

Communist China has apparently made very little progress toward 
developing a capablility for the utilization of atomic energy for in- 
dustrial purposes. However, with promised aid from the U.S.S. R., 
Communist China could develop a significant research capability. 

This aid, like that to the satellites, reportedly will include an atomic 
reactor suitable for research, a cyclotron, radioactive isotopes, and 
technical training. There are a small number of highly qualified 
nuclear scientists in Communist China at the present time. Most of 
these received their advanced education in the West, largely in the 
United States. 

In view of the low level of industrial and technical development of 
Communist China, there appears to be little possibility that a really 
significant atomic energy program will be developed in the near future 
unless very extensive aid is received from the U.S.S. R. 


Nationalist China (Formosa) 

The Nationalist Chinese Government established an Atomic Energy 
Committee in June 1955. About the same time, the Taiwan Power Co. 
established an atomic research committee to exploit the use of atomic 
power on Formosa. 

No specific program has yet been drawn up by either the Government 
or the Taiwan Power Co. A bilateral agreement of cooperation with 
the United States on atomic energy was concluded in July 1955. 

Primary effort in Nationalist China in the next several years will be 
on training personnel with particular emphasis on techniques of han- 
dling radioisotopes and their application in the fields of agriculture 
and medicine. . 


Cuba 
A Nuclear Energy Commission was officially established by the 
Cuban Government in June 1955 to study the possibilities of applying 
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atomic energy to agriculture, industry, and medicine and to investigate 
the possibilities of constructing a nuclear reactor in Cuba. 

For the next several years Cuba will probably devote its efforts to 
building up a corps of trained personnel, seahehie by participating in 
the United States training program. Most interest appears to be 
centered on the use of radioisotopes in medicine. Cuba may conclude 
a bilateral agreement of cooperation with the United States in order to 
obtain a research reactor. 


Czechoslovakia 


Czechoslovakia apparently does not have an organized atomic ener 
oo However, the country has been a source of uranium for the 

oviet atomic energy program. 

Present facilities for nuclear research in Czechoslovakia are limited. 
Under the terms of the Soviet aid proposals made in early 1955, 
Czechoslovak scientists will be permitted to study in the U. g. S. R. 
The first group of such scientists left for Moscow in September 1955. 
The aim of es scientists will be to familiarize themselves with 
modern techniques of nuclear physics. Construction of the reactor 
promised by the Soviets should begin within the next 2 years. 

Czechoslovakia has the most advanced industrial capacity of any of 
the satellites, with the possible exception of East Germany. There is 
no question but that Czechoslovakia would be able to provide indus- 
trial support for a long-range program directed toward industrial 
uses of atomic energy. It is doubtful, however, whether there is 
sufficient depth in the scientific personnel in Czechoslovakia at the 
present time to permit the development of a significant atomic energy 
program during the next several years. 


Denmark 


In March 1955, the Danish Government established an Atomic 
Energy Commission whose objective is the development of nuclear 
power in Denmark. The 15-man commission includes representa- 
tives from manufacturing, government, science, and power production 
fields. First task of the new commission will be the training of person- 
nel. This will be done mainly at the Institute for Theoretic Physics in 
Copenhagen, which is ranked among the first half-dozen centers of 
research on atomic structure and theory in the world. Denmark is a 
member of the European Organization for Nuclear Research. The 
Theoretical Study Group of this organization is located at the Theo- 
retical Physics Institute in Copenhagen. 

Plans for reactors are still in the distant stage. Under the terms 
of agreements concluded with the United States and United Kingdom, 
Denmark can obtain research reactors and the necessary fuel for 
them. It has been reported that the United Kingdom Atomic Energy 
Authority will assist the Danish Atomic Energy Commission in the 
design and construction of a high-flux reactor near Copenhagen. 

For at least the next 3 to 4 years Denmark will probably concen- 
trate its efforts on gaining experience in reactor technology and in 
training personnel in applied atomic energy. 
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Eastern Europe: Albania, Bulgaria, Hungary, and Rumania (Czecho- 
it Poland, and East Germany are considered individu- 
auy 

None of these countries apparently has anything approaching on or- 
ganized atomic energy program and only Rumania has so much as a 
nominal Atomic Energy Commission. Actually, Hungary is the most 
advanced from a scientific point of view, but even there the research in 
this field is little more than normal university level nuclear physics 
work. Control of nuclear energy activities lies in the most part in 
the academies of sciences of the respective countries. 

All the satellites, except Albania, have been included in the list of 
nations to receive atomic aid from the U. S. S. R. However, the 
promised research reactors, particle accelerators, and technical train- 
ing will permit no more than research programs on a higher level 
than has been possible in the past. Any more ambitious prograin 
would be hampered by a lack of industrial support and a shortage of 
competent personnel. 

There are no reactors in existence in any of these countries. The 
reactors promised by the U.S. S. R. are scheduled to be built within 
the newt 2 years. Uranium mined in these countries is sent to the 
U.S.S. R. 

It is not expected that significant development in the utilization of 
atomic energy for industrial purposes will be made in any of these 
countries in the next 5 years, even with the aid offered by the U.S.S. R. 


Ecuador 


No atomic energy research or organization is in existence in 
Ecuador, and no occurrences of atomic energy raw materials have 
been reported. 


Egypt 

An Egyptian Atomic Energy Commission was formed in the spring 
of 1955 to plan an atomic energy program for the country. The Com- 
mission has to date been relying principally on United States technical 
assistance and guidance in planning its program. In response to an 
Egyptian request for assistance with its program in 1954, the United 
States agreed to initiate a radioisotope training program for Egyptian 
scientists in the United States and to set up a radioisotope laboratory in 
Cairo in 1955. 

Establishment of the isotope research center represents the first 

objective of the Egyptian program to be followed by the establishment 
of a nuclear physics laboratory for research and training purposes, 
and especially a nuclear reactor. The ultimate objective of the pro- 
gram is the development of nuclear power. It might be noted in this 
connection that an Egyptian scientist who attended the Moscow Con- 
ference on Peaceful Uses of Atomic Energy, in July 1955, returned to 
Cairo with a Soviet offer of atomic energy assistance. 
_ In addition to the training of scientists in the application of radio- 
isotopes in the fields of medicine, agriculture, and bolo y, the United 
States will assist in training Egyptian personnel in industrial appli- 
cations. Egypt can also be expected to build up a small corps of 
trained personnel in fundamental nuclear physics and reactor tech- 
nology, through participation in the various United States training 
programs, 
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Finland 

Finland does not as yet have an atomic energy program. The need 
for funds is one of the most formidable obstacles at present to advance- 
ment of a program. However, education in the fields of nuclear phys- 
ics and reactor engineering is of interest in Finland, since the present 
cost of electricity is high. 


France 

Atomic energy development in France is being conducted by the 
Commissariat for Atomic Energy which was established in 1945. The 
Commissariat is administered by an Atomic Energy Committee made 
up of 10 members with 1 appointed High Commissioner, reporting to 
the Prime Minister through a Cabinet Minister designated for the 

urpose. Chief executive of the Commissariat is the Administrator- 
General. 

Two industrial-type committees have been added to this structure. 
One committee advises the Commissariat on mining and the other on 
industrial equipment. In March 1955, the French Government also 
appointed a 14-man Advisory Commission on the production of nuclear 
power. 

The French, at present, have two research reactors in operation as 
well asa plant for the processing and refining of uranium. The future 
French atomic energy effort is planned around a series of 5-year nu- 
clear research and development programs aimed at economic atomic 
power. The first 5-year program, 1952-57, provides for the construc- 
tion of a high flux materials testing reactor, three new primary reac- 
tors to produce plutonium, one of which is now under construction, 
and a plutonium processing plant. It also includes plans for training 
additional personnel in the field of nuclear physics and allows for an 
expansion of uranium mining and prospecting activities in France and 
the French overseas territories. 

In May 1955, the French Government approved an expanded pro- 
gram calling for the expenditure of $286 million during the last 3 years 
of the original 1952-57 program and 1958. The expanded program 
calls for the construction of a submarine reactor and increased funds 
for basic research, treatment of ores, and production of reactor mate- 
rials, especially heavy water. ~* 

A second 5-year program to start in 1957 will emphasize the con- 
struction of secondary reactors working from plutonium and the erec- 
tion of pilot plants for the production of nuclear power. The third 
5-year program, it is hoped, will see the actual construction of nuclear 
powerplants capable of commercially sound operation. 

Industrial participation in the French atomic energy program has 
been developing. Four of France’s largest industrial concerns have 
been cooperating with the Atomic Energy Commissariat for the past 
2 years under an industrial study arrangement. The most important 
activity of the group to date is cooperation with the Commissariat in 
the construction of its plutonium construction site at Marcoule and the 
new materials testing reactor under construction at Saclay. 

Metropolitan France has large deposits of low-grade ores, which the 
French believe will yield sufficient uranium for all the reactors - 
planned. Deposits of uranium in the Vendee have recently been dis- 
covered and plans are now being made to exploit them. A large and 
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well-organized exploration program is underway throughout France 
and the colonies under the direction of the Atomic Energy Com- 
missariat. 

With regard to international activities, France has a contract with 
the Indian atomic energy program for studies on the use of beryllium 
oxide in reactors; a contract with Brazil to assist in the establishment 
of a uranium industry there; and an agreement with Israel] covering 
Israeli studies on a method for producing heavy water and the develop- 
ment of a process to extract uranium from a omlaehen. France is a 
member of the European Organization for Nuclear Research and is 
one of the countries discussing the formation of a joint European 
atomic energy project patterned after the 6-nation Coal and Steel 
Community. In May 1955, France signed an agreement with the 
United Kingdom for the exchange of nonsecret information on the 
peaceful uses of atomic energy. 

France’s accelerated efforts on the training of personnel and the 
development of source materials will undoubtedly result in a measure 
of success in the next 5 years. France in the next 2 to 3 years will have 
completed the construction of 2 and perhaps 3 plutonium production 
reactors, a plutonium extraction plant, and a materials testing reactor. 
According to present plans, the plutonium produced will be used in 
power and possibly propulsion reactors. 


East Germany 

There is no indication of a formal organization charged with overall 
responsibility for atomic energy in East Germany, but the material 
resources and industrial capacity of the area could provide the basis 
for a significant atomic program. East Germany has been a major 
source of uranium for the Soviet atomic energy program, and a num- 
ber of industrial firms in this area have provided materials and instru- 
ments for the Soviet atomic energy program. 

There are a number of highly trained nuclear scientists and tech- 
nicians in East Germany. Some of these scientists have obtained ex- 
perience working on various phases of the Soviet atomic energy 
program, 

Together with Czechoslovakia, East Germany has the highest level 
of industrial development in Eastern Europe. This industry could in 
the future contribute to many phases of an atomic energy program. 

East Germany has been included among the satellite nations to 
receive atomic aid from the U.S. S. R. Major task for the immediate 
future will be the construction and installation of research equipment 
and a nuclear reactor, and the training of scientists in the use of these 
devices. It is not likely that any reactor will exist in East Germany 
until the promised Soviet reactor is constructed. 

With the potential industrial support, scientific capability, and 
promised Soviet aid, East Germany should be able to make significant 
progress in the development of an atomic energy program within the 
next 5 years. 


West Germany 

After the war and until the recent ratification of the Paris agree- 
ments, the Western Zone of Germany was limited by the control laws 
of the occupation to basic and theoretical research of the nonmilitary 
nature in the field of atomic energy. With the ratification of the 
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Paris agreements in May 1955, the only restrictions which now apply 
in the Federal Republic other than export and import controls, are: 
(1) Prohibition of the manufacture of atomic weapons, (2) certain 
postwar restrictions imposed by the Allied High Commission under 
laws which the Federal. Republic is now free to modify or repeal, 
and (3) a commitment by the Federal Republic not to exceed certain 
limitations in its program for a period of 2 years, contained in a letter 
sent by Chancellor Adenauer to the British Foreign Minister in No- 
vember 1954. A 2-year limitation on the program is that fissionable 
material shall not be produced or imported in quantities which 
exceed a total of 3.5 kilograms in a 1-year period. 

In October 1955, Adenauer appointed a Minister for Atomic 
Energy, whose initial job will be to draw up an organizational plan 
for the Government’s consideration. In August 1955, the Federal 
Republic announced that Karlsruhe had been selected as the site for 
the first West German reactor. Few details are known, and it ap- 
pears that no final decision on design has been made. The proposed 
reactor would be utilized for research radiation experiments, produc- 
tion of isotopes, and the training of personnel. The Bavarian Gov- 
ernment announced in August 1955 that it was interested in pur- 
chasing a small research reactor from the United States which would 
also be used for research. The reactor will be installed at Munich. 
Germany is presently a member of the European Organization for 
Nuclear Research and is thus involved in the plans and programs of 
that Organization. 

Western German nuclear scientists and industries, looking forward 
to the lifting of the restrictions, began making plans for a West 
German atomic-energy program in 1952. Since late 1954 plans for 
the development of the industrial uses of atomic energy by German 
industry have been multiplying. In December 1954, the German 
Association for Physical Research was formed by 16 leading West 
German industrial firms in the fields of metallurgy, engineering, 
chemistry, and electricity to undertake the preparatory work for a 
German nuclear reactor. 

The German Maritime Technological Society has also formed a 
research group, made up of German atomic experts and shipbuilders, 
to promote peaceful utilization. As a first step, the group desires to 
procure a nuclear reactor from the United States or United Kingdom 
to be set up in north Germany, probably at Hamburg. The venture 
is backed financially by a large group of German shipbuilders who 
want Germany to keep its place as a shipbuilding nation. Other 
industrial groups have been contacting industrial groups in the 
United States concerning industrial backing and technical assistance 
in developing equipment and processes for atomic-energy work. 

Nuclear-physics research on the university and institute level in 
West Germany is now firmly reestablished. A dozen or more uni- 
versity and institute laboratories are in operation in which students 
are being trained and research is underway. Research is well sup- 
ported and no serious shortage of funds exists. The Federal Repub- 
lice has the necessary scientific and technical personnel to support 
extensive atomic-energy research and development. In 1953 West 
Germany had more students studying nuclear physics than France, 
but fewer than England. 
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West Germany has a few scattered uranium deposits. These de- 
posits will not provide sufficient uranium for a full-scale atomic-power 
industry. Plans are being made to produce heavy water within 
Germany. 

West Germany, with its great potential in qualified manpower and 
industrial and technical know-how, should be able to develop a full 
nuclear-research program within the next 5 years. If raw materia‘s 
are available through bilateral or multilateral agreements with the 
West, she should be able to implement this research and thus develop 
a well-rounded atomic-energy program aimed at power, propulsion, 
and other industrial uses. 


Greece 

A National Atomic Energy Commission was established in Greece 
in February 1954. Greece is particularly interested in the power 
applications of atomic energy because of the country’s lack of energy 
sources. 

Greece concluded a bilateral agreement of cooperation on atomic 
energy with the United States in August 1955, under which the Greek 
AEC hopes to construct a small research reactor near Athens. Pri- 
mary purpose of the reactor would be production of radioisotopes for 
use in agriculture and medical experimentation. 

Greece is interested in building up a cadre of trained personnel in 
the atomic-energy field and several physicists and physicians have 
been sent to the United Kingdom and United States to study tech- 
niques in handling radioisotopes and their applications. Greek per- 
sonnel are also attending the reactor training school at Argonne. 
Greece is a member of the European Organization for Nuclear Re- 
search, and the high energy accelerators and other research facilities 
under construction there will be available to Greek scientists for re- 
search and training. 

Extensive foreign financial and technical assistance will be required 
to meet the objectives of the Greek atomic program. 

India 

India has established an atomic energy program for the purpose 
of developing the industrial and power applications of atomic energy. 
These activities are under the direction of an Atomic Energy Com- 
mission, created in August 1948. Major emphasis has been placed on 
the training of scientists for the atomic-energy program and funda- 
mental nuclear research. The chief obstacle in the development of 
the Indian program has been the shortage of funds and equipment. 

According to Indian Government announcements, two research 
reactors are now being planned, one scheduled for completion in 1956 
and a second to be completed in 1957. The United States has agreed to 
sell India 10 tons of heavy water, which is scheduled to be delivered 
in 1956. Ultimately the Government hopes to make use of India’s 
thorium and beryllium resources in more advanced types of reactors. 

India announced in September 1955 that it has formally accepted 
Canada’s offer of a reactor. The reactor, to be part of Canada’s Co- 
lombo plan contribution, will be similar in design to the Canadian 
NRX reactor. Most of the reactor equipment will be imported from 
Canada and will be installed and put into operation by Canadian 
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scientists. Some of the lesser technical construction work will be done 
in India by Indian personnel. 

India has stated that it is interested in the various training pro- 
grams offered in the United States, and Indian scientists are attending 
the reactor training school at Argonne and the isotope courses offered 
at Oak Ridge. An Indian scientist who attended the Moscow Confer- 
ence on the Peaceful Uses of Atomic Energy in July 1955 announced 
on his return that the U. S. S. R. was prepared to assist India in its 
atomic-energy program, if India requested it. 

India has the world’s largest thorium reserves. Only minor ura- 
nium occurrences are known so far, but a fairly aggressive explora- 
tion program is being carried out by the Government. 

Steps taken to initiate industrial development of resources include 
the establishment of a monazite processing plant, which started oper- 
ating in December 1952. This plant was constructed with the fecha. 
cal aid of a private French firm. A plant to extract uranium and 
thorium from the residue of the monazite plant is now under construc- 
tion and was scheduled to go into operation in 1955. The Government 
plans to establish uranium processing and refining plants some time in 
the future. India is also interested in the development of beryllium 
oxide and metal for use in future reactors. An agreement has been 
made with the French atomic energy program to carry out studies 
on the use of beryllium in reactors. 

India’s atomic-energy program has made progress to date in the 
training of personnel, in obtaining research facilities, in undertaking 
geological surveys, and in preliminary steps toward the industrial 
development of atomic-energy raw materials. Acceptance of the Ca- 


nadian reactor should accelerate their program, particularly in the 
field of reactor technology and engineering. 


Indonesia 


A state committee for radioactivity research was established in In- 
donesia in December 1954 to conduct research on radioactivity and 
atomic energy. 

Because of the growing interest in the peaceful uses of atomic en- 
ergy in Indonesia, it is believed that over the next 5 years Indonesia 
will participate in the training courses offered in the United States 
and may conclude a bilateral agreement with the United States in 
order to obtain a research reactor. Medical applications are expected 
to receive the greatest attention. 


Tran 


There is no atomic-energy program in Iran, nor is there any official 
or governmental atomic-energy organization in existence. However, 
Iran has shown considerable interest in participating in the United 
States interim program to develop the peaceful uses of atomic energy, 
including various training courses. 

In the next 5 years emphasis will probably be placed on the training 
of personnel, particularly in the use of radioisotopes in the fields of 
medicine and agriculture, and establishment of research facilities. 


Iraq 


There is no atomic-energy program or research in Iraq. However, 
a ministerial committee to study United States proposals on peaceful 
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uses of atomic energy was created in April 1955 ana tentative plans 
are being made to send personnel to the United States for training in 
the field of biology. 

It is believed that for the next several years Iraq will concentrate 
on the training of personnel, particularly in the techniques of handling 
radioisotopes and their applications in the fields of biology, medicine, 
and agriculture. 


Israel 


The Israeli Atomic Energy Commission was set up in June 1952, 
following the discovery that phosphates of the Negev Desert contained 
uranium. The commission has directed its activities toward training 
personnel, geological survey for radioactive minerals and development 
of methods for processing such minerals, and development of a process 
for the production of heavy water. A program of technical assistance 
on atomic energy between Israel and France has been in existence since 
1952. Israel concluded a bilateral agreement of cooperation with the 
United States in July 1955. 

Israel’s ultimate objective is the utilization of atomic energy as a 
source of power, especially for the Negev region, whose reclamation 
is one of the main tasks confronting the Government. 

In the next 5 years Israel can be expected to build up a small corps 
of personnel trained in nuclear physics, reactor technology, and the 
application of radioisotopes in medicine, biology, and agriculture. 
The country will probably acquire more facilities for research, par- 
ticularly under the terms of the bilateral agreements with the United 
States. 


Italy 


A national committee for nuclear research was created in July 1952 
in Italy to coordinate studies in the nuclear field, to promote the devel- 
opment of industrial applications of nuclear energy, and to develo 
international cooperation with the organizations working in this field. 

The ultimate objective of the Italian atomic-energy program is the 
development of atomic power. The chief problem to date has been 
insufficient funds for development of the program. 

Applied research is conducted for the national committee by the 
information, study, and experimental center which was created in 
Milan in 1946 by private industrial firms interested in nuclear energy. 
The center still retains the structure of a private enterprise, although 
financial support is now coming from the Government as well as indus- 
try. The center has been charged with the design of a research reactor 
to be built in Milan. 

In March 1955 the United States announced it had agreed to sell 
10 tons of heavy water to Italy for use in a research reactor. Italy 
would like to construct a reactor similar to the research reactor at 
Argonne and hopes to start construction by the beginning of 1956. 
In July 1955, Italy concluded a bilateral agreement of cooperation 
with the United States. Italy will also obtain research assistance 
through its participation in the 12-nation European Organization 
for Nuclear Research. 

Italian industrial firms are still anxious to get into the nuclear power 
field and want the Italian Government to conclude a power reactor 
agreement with the United States. The Fiat Co. is currently negoti- 
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ating for the purchase of a 10,000 kilowattt pressurized water reactor 
through an American firm. 

As to future development, Italy can be expected to make progress 
in reactor development through operation of its research reactor (or 
reactors) and howuile participation in United States training 
programs. 


Japan 

No definite decision on the type of organization to handle atomic 
energy has yet been made in Japan. Legislation setting up such an 
organization is expected to be passed by Parliament in 1956. 

There are at present three provisional governmental bodies con- 
cerned with atomic energy in Japan. One carries on research, another 
has the responsibility of integrating national economic planning, and 
the third is an overall steering committee which is generally regarded 
as the parent organization of a future Japanese Atomic Energy 
Commission. 

The Japanese Government and industry, and numerous Japanese 
scientists are particularly anxious for Japan to get into wide atomic 
energy research and development and to obtain all the foreign assist- 
ance possible to accomplish this. Universities, research societies, and 
associations have been formed by Japanese industry to undertake 
research looking toward the development of atomic power. 

Japan concluded a bilateral agreement on research reactors with 
the United States in December 1955. A group of Japanese scientists 
and industrialists who made a study tour of Europe and the United 
States in early 1955 has recommended that Japan herself build a 
5,000- to 10,000-kilowatt reactor for research and radiosotope produc- 
tion. Japanese industries are interested in purchasing complete 
reactors from the United States for research and power purposes, and 
wish to conclude technical agreements with United States firms en- 
gaged in industrial uses of atomic energy. A Japanese Atoms for 
Peace Council composed primarily of leading industrialists and finan- 
ciers was established in April 1955 to promote the industrial, agricul- 
tural, and medical uses of atomic energy. 

Uranium occurrence have been reported in Japan. However, it is 
not certain yet that these are commercially useful deposits. Prospect- 
ing is going on, but no definite answer can be given at present as to 
the size of the deposits. 

Atomic activities in Japan, until very recently, were limited to 
basic and theoretical research work conducted at various universities. 
Although Japan’s pool of scientific personnel includes a large number. 
of excellent chemists, physicists, and engineers, there are at present 
only a limited number of applied nuclear engineers with the degree 
of knowledge and experience required for a nuclear power program. 

The major effort of the Japanese program in the next 5 years will 
be concentrated on the training of personnel and the development of 
a basic capability in reactor technology. 


Republic of Korea 

No atomic-energy organization or research program exists in Korea. 
The Korean Education Ministry announced in April 1955, however, 
that an atomic-energy commission would be set up soon in response 
to the Atoms for Peace program of the United States. 
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Korea has concluded a bilateral agreement of cooperation with the 
United States and hopes to obtain a research reactor under the agree- 
ment within 3 years. Korea is also interested in eventual power appli- 
cations of atomic energy. , 

By participation in various programs offered in the United States 
and acquisition of the research reactor, Korea will be able to build 
up a small corps of personnel trained in nuclear physics, reactor tech- 
nology, and the use and application of radioisotopes in the fields of 
medicine, agriculture, and biology. 


Lebanon 
No atomie-energy research or organization is in existence in 
Lebanon. However, Lebanon concluded a bilateral agreement of co- 
operation with the United States in July 1955. Lack of scientific 
manpower resources is one of the chief problems facing Lebanon. 


Mewico 

To date no Mexican atomic-energy commission has been formed, 
but proposals were made in mid-1955 by the President of Mexico for 
creation of a national commission and a superior council to coordinate 
and direct an investigation of mineral resources. 

The only formal governmental legislation concerned with atomic- 
energy matters in Mexico deals with raw materials. Numerous ura- 
nium occurrences have been reported and in February 1950 a law 
was passed declaring all deposits of uranium, thorium, and other 
fissionable materials to be “national reserves.” 

Some interest has been shown in a bilateral agreement with the 
United States for construction of a reactor using United States ma- 
terials and technical aid, but no specific agreements have been reached. 


The Netherlands 


The Netherlands was found to be lagging in scientific fields after 
World War II and undertook a general pooling of available forces 
in the various scientific fields. In this way an organization for nuclear 
energy, the Foundation for Fundamental Research Into Nuclear 
Matter, was founded in early 1946. The founders hoped by coordi- 
nating nuclear research in universities and outside to put the Nether- 
lands in a worthwhile scientific position in the shortest possible time. 
A subdivision of the foundation, the Reactor Commission, carried 
out collaboration with Norway through the Joint Establishment for 
Nuclear Energy Research (JENER) in Norway. The Reactor Com- 
mission was also responsible for the Netherland’s own reactor project 
and cooperation with international organizations such the European 
Organization for Nuclear Research in which the Dutch are active 
members. 

Signing of the convention between Norway and the Netherlands in 
1951 for the creation of the JENER research installation and con- 
struction of a reactor at the JENER site gave the Netherlands its first 
opportunity for applied nuclear research. Since that time the Dutch 
have gained considerable experience through operation of the reactor 
and have cooperated in the design of an experimental power reactor 
which is to be financed jointly by the two countries. 

The independent-reactor program in the Netherlands, formerly 
under the Reactor Commission, is now the responsibility of the Reactor 
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Center, a new foundation set up in July 1955. Designs for two small 
eyes reactors are actively under study and the Dutch Parliament 

as approved initial funds for the first, on a 50-50 basis with private 
industry and power groups. 

The Netherlands is presently negotiating with the United Kingdom 
regarding cooperation on one of the reactors. The Dutch also con- 
cluded a bilateral agreement with the United States in December 1955. 

The major industrial supporters of the Dutch program are the N. V. 
Phillips Co. of Eindhoven, the leading manufacturer of electrical 
equipment in Europe, and the municipal and provincial power indus- 
tires. Phillips has developed a cyclotron as a commercial venture and 
in addition to supplying domestic needs, has sold an instrument to the 
Argentine Government for nuclear research purposes. 

It is believed that by 1960 the Netherlands will have the material 
testing reactor and an experimental power reactor in operation. Re- 
search will continue on power reactor designs with the objective of 
developing nuclear power and propulsion programs. The Dutch hope 
to aid their national economy by becoming exporters of special equip- 
ment for nuclear research. 


New Zealand 


There is no atomic energy organization in New Zealand. While the 
country is interested in atomic power, it is not conducting any research 
toward this end at the present time. 

Through its close Commonwealth ties, a number of New Zealand 
scientists have been attached to the Canadian and British atomic 
energy programs for training and research purposes. This exchange 


program has been in existence since 1944, when a team of New Zealand 
scientists was sent to Canada to work on the wartime Anglo-American 
atomic energy project. In view of its close Commonwealth ties, it is 
believed that New Zealand will continue to rely primarily on facilities 
of the United Kingdom, Canada, and eventually Australia for applied 
atomic energy research and training purposes. It is not believed that 
New Zealand will take any steps toward the development of atomic 
ower until it has been developed to a considerable degree in the 
nited Kingdom. 

The New Zealand Government approved plans in May 1953 for the 
construction of a combined plant, in cooperation with the United 
Kingdom, to produce electricity and heavy water from geothermal 
steam. It is envisaged that production of heavy water will begin in 
late 1957 and of electric power a few months later. 


Norway 


Research and development work in the field of atomic energy in 
Norway is the responsibility of the Institute for Atomic Energy estab- 
lished by the Norwegian Government as an independent foundation. 
~~ Institute obtains funds from both Government and private 
industry. 

Since April 1951, Norway and the Netherlands have conducted a 
joint atomic energy research program (JENER) in Norway manned 
by Norwegian and Dutch scientists and financed jointly by the two 
countries. (See the Netherlands.) Scientists of other nationalities 
have also been invited to participate for training and research pur- 
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yoses, including those from the United States, Switzerland, Italy, 
Vugeniavia, and Argentina. 

The principal research tool at JENER is a research reactor which, 
aside from its utilization for fundamental research purposes, is used to 
train personnel, to produce isotopes, and to conduct research on reactor 
technology. Other work at JENER includes a laboratory study of 
the chemistry of uranium and plutonium for the purpose of designing 
a pilot plant for the separation of plutonium from uranium fuel ele- 
ments and the reprocessing of uranium metal. All of this work looks 
forward to the future development and application of atomic energy 
for power purposes, 

Principal objective of the Norwegian atomic energy program is the 
development of nuclear power for ship propulsion. The Institute for 
Atomic Energy is cooperating with the Norwegian Ship Research In- 
stitute in a study of the nature of the ship propulsion problem, includ- 
ing its technical, legal, and economic aspects. There are no immedi- 
ate plans for a propulsion power reactor. A proposed experimental 
power reactor, which will take about 3 years to construct, represents a 
step toward a propulsion reactor. It was hoped to start preparation 
of the site for this reactor in late 1955. 

Norway produces substantial quantities of heavy water as a by- 
product of the production of hydrogen for synthetic ammonia. This 
heavy water has been used as a moderator for the JENER reactor and 
has been exported to a number of countries in the free world for 
similar use. 

Norway is a member of the European Organization for Nuclear 
Research and Norwegian scientists have taken an active role in de- 


signing the high-energy accelerators for the organization. Norway 
has also sent several students to the United States for study at the 
reactor training school at Argonne. 

Norway plans to have its power demonstration reactor in operation 
within the next 5 years as well as the oo plant for processing 


uranium and plutonium extraction. The Government may want to 
conclude an agreement with either the United States or the United 
Kingdom to obtain enriched fuel and information on nuclear pro- 
pulsion. 


Pakistan 

The Pakistan Government established an atomic-energy committee 
in January 1955 to draw up a program for atomic-energy develop- 
ment. At present no atomic research is being conducted in Pakistan, 
but a bilateral agreement of cooperation with the United States was 
concluded in August 1955 which will make possible the acquisition of 
a research reactor. One of Pakistan’s chief problems is the dearth 
of trained scientists in the atomic-energy field. 

Over the next several years emphasis will probably be placed on 
training personnel in nuclear physics, reactor technology, and the use 
and application of radioisotopes through participation in training 
programs offered abroad. 


Paraguay 
No atomic-energy research or organization is in existence in Para- 


guay and no resources of atomic-energy raw materials have been 
reported. 
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Peru 


No atomic-energy program or research organization is in existence 
in Peru, but with the cooperation of the United States Atomic Energy 
Commission, a raw-material exploration program is underway, pur- 
suant to an agreement made in September 1954. It is believed that 
the prospects of discovering usable uranium deposits are good. 

In addition to the raw-materials agreement, Peru has concluded a 
bilateral agreement of cooperation with the United States. Lack of 
trained manpower and facilities for training nuclear scientists is one 
of the greatest problems facing Peru at the present time. 

The Philippines 

No permanent Government agency has been established in the Phil- 
ippines to administer a program of atomic-energy development. Pro- 
posed legislation to control radioactive materials and to establish an 
Atomic Energy Commission failed to reach the floor of the Philippine 
Congress in 1955. In August 1955 an interdepartmental committee 
was set up by the Government to determine the scope of the proposed 
atomic-energy program and means of financing it. 

The Philippines concluded a bilateral agreement on atomic energy 
with the United States in July 1955 under which the country hopes 
to obtain a research reactor. Ultimately, the hope is to achieve nu- 
clear power production in view of the scarcity of indigenous fuels. 
In this connection, the General Public Utilities Corp., a United States 
firm, announced in September 1954 that it was considering an atomic 
powerplant for its Philippine subsidiary, the Manila Electric Co. 

Through active participation in various United States training pro- 
grams and operation of the research reactor which can be obtained with 
United States assistance, the Philippines will in time build up a small 
corps of personnel trained in fundamental nuclear physics, reactor 
technology, and in the use and application of radioisotopes in medicine, 
agriculture, and biology. 

Poland 


There has apparently been no real program in Poland directed 
toward the peaceful application of atomic energy. University level 
research in basic nuclear physics has been undertaken but even this has 
been hampered by the lack of adequate equipment, shortage of quali- 
fied personnel, and restrictions on exchange of information with other 
scientists in either the U.S. S. R. or the West. 

The U.S. 8S. R. has offered to supply Poland a low-level research- 
type reactor in 1956. Unless extensive assistance is received from the 
U. S. S. R., it is doubtful that Poland is capable of supporting a 
significant nuclear program in the next several years. 


Portugal 


In March 1954, the Portugese Government created a Nuclear Energy 
Board to coordinate plans for prospection, extraction, and preparation 
of raw materials necessary to research work, and for the utilization of 
radioisotopes in their various forms. The Portugese have also created 
a nuclear studies commission to direct scientific studies connected with 
nuclear energy. 

Portugal’s atomic-energy activities are directed at present to the 
utilization of radioisotopes in medicine and agriculture. Ultimate 
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objective of the program is the application of atomic energy for power 
purposes. : 

Portugal concluded a bilateral agreement of cooperation with the 
United States in July 1955. The major obstacle facing the Portuguese 
atomic-energy program is the scarcity of trained manpower and the 
lack of facilities in Portugal to train technical personnel. In an at- 
tempt to improve this situation, the Portuguese Government has sent 
students to the United States, United Kingdom, France, and Sweden 
in the past several years for study. 

Spain 

In October 1951, the Spanish Government set up a Nuclear Energy 
Board to advise the Government on atomic-energy matters and to 
direct research and experimentation in this field. Immediate objective 
of the Board is to build a low-power reactor for research, with the long- 
term objective of the development of atomic energy for power. 

In July 1955, the Spanish Government set up an Advisory Com- 
mittee on Industrial Uses of Atomic Energy, subordinate to the 
Nuclear Energy Board, to develop policies and a program for the 
eventual development of nuclear power for generation of electricity. 
This committee will be composed of representatives of the Government, 
privately owned industrial companies, and public and privately 
owned public utility companies. 

Some effort has been directed toward the design of a heavy water 
moderated natural uranium research reactor, and the development of 
the necessary materials for the reactor, particularly uranium. Spain 
concluded a bilateral agreement with the United States in July 1955, 
under which the United States would provide material for use of the 
construction of one or more research reactors. 

The training of sufficient personnel is one of the major tasks facing 
the country. A number of Spanish students have been sent each year 
to various European and United States universities and research 
institutes for advanced training. Spain is also participating in the 
United States interim training program for the peaceful uses of atomic 
energy. It is believed that efforts will be intensified to train techni- 
cians and to acquire experience in reactor technology and engineering 
as envisaged in the bilateral agreement with the United States. 


Sweden 


Sweden has two organizations concerned with atomic energy activi- 
ties. One is a purely governmental organ, the Atomic Committee, 
which since 1945 has acted as an advisory body to the Government 
on research and development; the other is a semigovernmental organ, 
the Atomic Energy Co., which has since 1947 carried out the applied 
parts of the Government’s program such as mining, metal production, 
and construction and operation of reactors. In practice, both*bodies 
receive all their funds for current expenses from the state, although 
somewhat less than half of the capital of the Atomic Energy Co. 
has been contributed by a number of private industrial firms. 

The work of the Atomic Company is directed mainly toward the de- 
velopment of atomic energy for power and other industrial purposes. 
It has had a small research reactor in operation in Stockholm since 1954 
and plans to construct another reactor of higher power by 1959 to 
serve as a steppingstone to a full-scale power reactor. A plant for the 
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processing of irradiated fuel rods and the separation of fission prod- 
ucts will be constructed at the site of the second reactor. The uranium 
for the first Swedish research reactor was obtained on loan from 
France, and the heavy water moderator for the reactor was purchased 
from Norway. 

In January 1955 the General Swedish Electric Co., a private manu- 
facturing company and shareholder in the Atomic Energy Co., an- 
nounced preliminary plans for constructing a power reactor, which it 
hopes to complete in 1962. 

Sweden is negotiating a bilateral agreement of cooperation with 
the United States. Sweden is also a participating member of the 
European Organization for Nuclear Research. 

No high-grade uranium occurrences are known to exist in Sweden, 
but there are large reserves of low-content uranium-bearing shale in 
the south and central part of the country. Recovery of the uranium 
from the shale has constituted a major technological problem, but a 
technically satisfactory method has now been developed. A pilot 
plant for uranium extraction was set up near Stockholm, and in 1953 
a full-scale extraction plant was erected which produces a product 
containing about 25 to 50 percent uranium. Production of uranium 
metal was scheduled to start in the fall of 1955 at another plant. 

The pattern of the Swedish atomic energy effort to date has been 
distinguished by slow, cautious, and systematic development, par- 
ticularly as shown by their well-engineered research reactor and devel- 
opment of uranium resources. As noted above, Sweden plans to have 
a more powerful reactor in operation in 1959 which will produce 
plutonium in kilogram quantities. It is the Swedish intention to use 
this plutonium in power reactors. 

The bilateral agreement with the United States will allow the coun- 
try to construct additional research reactors for training and research 
purposes. Sweden will probably want to conclude an agreement with 
either the United States or United Kingdom within the next several 
years for power reactor information. 


Switzerland 

The Swiss Government established a Commission for the Study of 
Atomic Energy in late 1945 to begin investigating the possibilities 
of utilizing atomic energy in Switzerland and to develop plans for 
construction of an experimental nuclear reactor. In March 1955, a 
cooperative venture, Reactor, Inc., financed by 135 private groups, 
was established for the purpose of constructing and operating a 
10,000-kilowatt nuclear reactor similar to the Canadian NRX, with 
uranium reportedly to be purchased from Belgium and fabricated by 
the United Kingdom. This is to be the first step in the direction of a 
power reactor. The experimental reactor will also furnish radio- 
active substances for medical purposes and will provide an oppor- 
tunity to train atomic engineers. The project is being carried out in 
cooperation with the Government which maintains a close working 
relationship with the heavy power equipment manufacturers of the 
country and is helping finance construction. 

The United States Government announced in May 1955 that the 
small research reactor to be used for demonstration purposes at the 
Geneva “Atoms for Peace” Conference would be sold to the Swiss 
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Government and its fissionable material leased to the Swiss following 
the conference. A bilateral agreement to accomplish this was con- 
cluded by the two countries in July 1955. The reactor is being moved 
to Zurich for research use at the Federal Institute of Technology. 

Switzerland has placed major emphasis on basic nuclear physics 
research and the work being done in this field is excellent and thor- 
ough. The Swiss have taken a leading role in encouraging cooperation 
of the European countries in nuclear research work. The 12-nation 
European Organization for Nuclear Research has its headquarters 
near Geneva. 

The Swiss capability in basic nuclear physics research coupled with 
a well-managed program directed toward industrial uses of atomic 
energy, should result in significant progress in the next several years. 


Thailand 


Considerable interest has been expressed in Thailand in the peaceful 
uses of atomic energy, but no applied atomic energy research is under- 
way. In November 1954, an Atomic Energy Committee was 7 
pointed to study fields of potential industrial agricultural and medi- 
cal applications. .'Thailand is negotiating a bilateral agreement of 
cooperation with the United States, through which it is hoped to 
obtain a research reactor. 

Thailand has few scientists with any training in applied atomic 
energy. The Government has actively engaged in the United States 
interim program for the peaceful uses of atomic energy, recognizing 
that training of personnel offered through the program is a logical 
first step in implementing an atomic energy program in Thailand. 
Turkey 

Turkey has no atomic organization or authority, although the es- 
tablishment of such an organization is under study by the Govern- 
ment. Turkey was the first country to conclude a bilateral agree- 
ment on atomic energy with the United States in June 1955 and is ver 
interested in obtaining a research reactor for training and veneteh 
purposes, 

The Turkish Government has already sent some scientists to the 
United States for training in the various atomic energy courses offered 
under the United States interim program to develop the peaceful 
uses of atomic energy. Through participation in various United 
States training programs and acquisition of a research reactor, Turkey 
will be able to build up a corps of trained personnel in reactor tech- 
nology and in the techniques of handling and applying radioistopes in 
the fields of medicine, biology, and agriculture. 

United Kingdom 

After the wartime collaboration of the United States, United King- 
dom, and Canada ended in 1946, the United Kingdon organized its 
atomic energy program as a.department in the Ministry of Supply. 
In August 1954, responsibility for atomic energy development was 
taken over by the Atomic Energy Authority (AEA), a statutory 
corporation under the direct control of the Lord President of the 
Council, who is responsible to Parliament for financial and policy de- 
cisions on atomic energy matters. Direction of the AEA is assigned 
to the Atomic Energy Executive, composed of a chairman, whose duties 
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include those of general manager, 5 full-time members, and 5 part- 
time members. 

While the major task of the British atomic energy program is in 
the field of military applications, an objective of increasing impor- 
tance is the development of reactors for nuclear powerplants and the 
dissemination of information on atomic developments for exploitation 
by British industry. Two experimental powerplants are now being 
constructed by the Atomic Energy Authority at Calder Hall and 
Dounreay. On February 15, 1955, the British Government issued a 
white paper outlining a “provisional program” for atomic power de- 
velopment in the United Kingdom over the next 10 peers The pro- 
gram envisions the construction of 16 reactors, capable of producing 
1,500 to 2,000 megawatts of electricity, at a cost of about £300 million 
($850 million). ‘The white paper stated that the power stations would 
be built by private industry for the electricity authorities which would 
own and operate them. The Atomic Energy Authority, however, is 
responsible for the design, construction, and operation of experimental 
types of reactors and will be responsible for giving technical advice 
to the electricity authorities on the nuclear plants. 

In June 1955, the British Government announced that it planned to 
build 6 reactors in addition to its 10-year, £300 million power program. 
The reactors would be dual-purpose reactors of the Calder Hall type, 
producing plutonium as well as electric power. These reactors are to 
be built a operated by the Atomic Energy Authority. 

A secondary objective of the United Kingdom program is the pro- 
duction of specialized nuclear power units for propulsion. However, 
the British have stated that they do not plan to proceed beyond the 
design study stage with S applications until experience has 
been gained on stationary plants. Lesser, but continuing, objectives 
are basic nuclear research and the production and development of uses 
of isotopes. The United Kingdom now leads in the number of sales 
of radioisotopes to the free world, doing an annual business of about 
$560,000 in 36 countries. Chief customers are the United States, Can- 
ada, Germany, France, and Sweden. 

There are four different reactor programs in the United Kingdom: 
Those for research; the plutonium production reactors; the dual-pur- 
pose epesesiers and power) experimental reactors; and those en- 
visaged under the power program. 

Reactors for research and isotope production are designed, con- 
structed, and operated by the Atomic Energy Research Establishment 
at Harwell. Four low power reactors are currently in operation and 
3 others are under construction, of which 2 are designed for high flux 
and materials testing. 

A plutonium production plant consisting of two reactors, a plu- 
tonium separation plant, and associated facilities is in operation at 
Windscale. Additional plutonium will be available from the dual- 
purpose (plutonium and power) reactors, now under construction or 
planned. 

The Atomic Energy Authority, in carrying out its responsibility 
for the design, construction, and operation of experimental types of 
power reactors, now has two experimental atomic powerplants under 
construction, one at Calder Hall in Cumberland, and the second at 
Dounreay in northern Scotland. The Calder Hall plant will consist 
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of two dual-purpose reactors. The Doureay plant will be a fast breeder 
power reactor based on information obtained from the research reactor 
now under construction at Harwell. 

One of the two reactors at Calder Hall is finished and was scheduled 
to start operating in October 1955. The second reactor should be 
operating in 1956. Both use natural uranium as fuel and have graphite 
moderators. Together they are expected to have an electric — 
capacity of some 90,000 kilowatts of electricity. Total cost of both 
reactors is to be about $40 million. 

The experimental fast breeder and power reactor at Dounreay is 
presently under construction, and the estimated completion date is 
December 1957. It will use enriched uranium fuel inside a uranium 
blanket and is expected to have a total heat power of 60,000 kilowatts. 
Estimated cost of the project is $28 million, exclusive of fuel. 

The plans aia in June 1955, for the construction of 6 addi- 
tional purpose reactors, will include a second plant at Calder Hall 
with 2 reactors. Four dual-purpose reactors are to be constructed 
near Annan, Scotland, a short distance from Windscale. The Calder 
Hall reactors are due to go into operation in 1960-61. 

The provisional power program as planned in the white paper for 
the next 10 years will start the construction of gas-cooled, graphite- 
moderated thermal reactor-power stations of the Calder Hall type. 
The fuel will be natural or slightly enriched uranium. Subsequent 
stations would be similar in type, but would show improved en 


ance. The last stations envisaged in the white paper might be of the 
liquid-cooled type. These could take any of several forms, most of 
which need enriched fuel and could use plutonium produced in the 


earlier reactors in conjunction with natural uranium. 

Construction was started in March 1950 on a gaseous diffusion plant 
capable of producing slightly enriched uranium at Capenhurst. The 
plant, completed in early 1953, has been used for reenriching depleted 
uranium mainly from the production reactors. Additional facilities 
are being constructed at this plant for the production of highly en- 
riched uranium which would be available for advanced types of 
reactors. 

The United Kingdom does not possess native sources of uranium 
and thorium, but a sufficient supply of uranium is assured from sources 
in the British Commonwealth and other sources exploited jointly by 
the United States and United Kingdom through the Combined Devel. 
opment Agency. The United Kingdom has purchased some heavy 
water from Norway and in February 1955 announced formation of a 
joint company with New Zealand for the production of heavy water 
and electric power from geothermal steam in that country. 

To aid in enabling British industry to design and build economic 
power units, a reactor school was opened in September 1954. In addi- 
tion to students from private British concerns and the Central Elec- 
tricity Authority, a certain number of foreign scientists will be able 
to attend the reactor school under the United Kingdom «toms-for- 
peace program, including those from Argentina, Spain, Brazil, and 
Portugal. An isotope school has also been organized at Harwell to 
give instruction on the precautions, specific applications, and instru- 
mentation and techniques of radioactive materials. The course is open 
to qualified students of foreign countries, as well as those from the 
United Kingdom, 
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Four groups of utility, engineering, and manufacturing firms have 
already nal formed in the United Kingdom to study the problems of 
nuclear-energy development and to seek contracts to design, build, and 
operate nuclear power stations. Each of these four groups is now 
collaborating with the Atomic Energy Authority’s Research Estab- 
lishment at Harwell under a policy of industrial cooperation recently 
enunciated by the AEA. Over 150 British firms are engaged in the 
manufacture of nuclear equipment ranging from pocket dosimeters 
to linear accelerators. 


Union of South Africa 

An Atomic Energy Board was established by the Government of 
South Africa in 1949. The board to date has been chiefly concerned 
with mining matters, but research of a fundamental nature is being 
carried out by the Council of Scientific and Industrial Research. 

South Africa is one of the major sources of uranium in the world 
and has a long-term contract with the United States and British Gov- 
ernments for the purchase of uranium oxide. Construction of uranium 
refining and certain other related plants is being financed on a loan 
basis through the United States-United Kingdom Combined Develop- 
ment Agency. 

The South African Government, because of its Commonwealth ties, 
has tended to orient itself to the United Kingdom for the training of 
personnel, and has recently accepted an invitation from the United 
Kingdom to collaborate with British scientists in the peaceful appli- 
cations of atomic energy. Participation in British training programs 
and research projects will probably be accelerated over the next sev- 
eral years. 

Although some South African officials have stated that the future 
of South Africa lies in the development of atomic power, the country 
has no plans for building reactors, and official action in this direction 
will probably await the findings of the British in the operation of 
their nuclear powerplants. 

Uruguay 

There is no atomic-energy organization or program in Uruguay. 
However, the country has concluded a bilateral agreement of coopera- 
tion with the United States. 

With the assistance made possible through the bilateral agreement 
and various United States training programs, Uruguay will probably 
emphasize the training of personnel in nuclear physics and reactor 
foincliey, and the application of radioisotopes in the fields of medi- 
cine, biology, and agriculture. 


U.S8S.8.R. 

Although the Soviet atomic-energy program has been directed pri- 
marily toward military applications, the U. S. S. R. is demonstrating 
increasing interest in the peaceful applications of atomic energy. In 
January 1955 the U. S. S. R. announced that a nuclear electric power- 
plant with the capacity of 5,000 kilowatts had been in operation since 
mid-1954. This powerplant has been shown to many foreigners, in- 
cluding United States observers, for propaganda purposes. 

Soviet participation in the Geneva Conference on the Peaceful Uses 
of Atomic Energy was characterized by the high level of the Soviet 
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scientific and technological papers. The Soviet representatives pre- 
sented a detailed report on the 5,000-kilowatt Soviet nuclear electric 
power station which operates on partially enriched U-235. Reports 
were also presented on existing Soviet research reactors and plans for 
advanced reactor designs. Soviet exhibits and papers at Geneva indi- 
cated that extensive progress had been made in the application of 
radioisotopes to industrial processes. Radiography, thickness gages, 
and tracers are now said to be established tecliniques in Soviet indus- 
try. The Soviet Union has also made extensive progress in the appli- 
cation of radioisotopes to medical therapy and research and to 
agricultural research. 

There is little information available on future Soviet plans for the 
peaceful applications of nuclear energy. The U.S. 5. R. has, how- 
ever, announced that they are at present constructing at least 1 nuclear 
electric powerplant with a capacity in the 50,000 to 100,000 kilowatt 
range. The U.S. S. R. will also very likely continue to develop the 
application of radioactive isotope techniques to industrial, medical, 
and agricultural problems. 

In January 1955, the U.S. S. R. announced that it was prepared to 
offer assistance to the satellites and China in development of their 
atomic-energy programs. ‘The assistance was to include research 
reactors, particle accelerators, and the training of scientific and tech- 
nical personnel. Offers of similar technical assistance have also been 
made to a number of non-Soviet bloc countries including Yugoslavia, 
India, and Egypt. 

The U. S. 8S. R. has demonstrated a degree of competence in the 
field of atomic energy which, together with its large industrial ca- 


pacity, would enable it to undertake major developments in the peace- 
ful applications of nuclear energy. 


Venezuela 


There is no atomic-energy organization or research in Venezuela. 
However, the country concluded a bilateral agreement with the United 
States in July 1955. Under terms of the agreement the Venezuela 
Institute of Neurology and Cerebral Research, will establish a medi- 
cal and research reactor near Caracas. The institute will serve as a 
regional research center for South America and eventually as an in- 
ternational neurological training center. 

While the research reactor, made possible under the terms of the 
bilateral treaty, will be used principally for medical therapy and pro- 
duction of melistaclonen it will also be useful in training personnel 
in nuclear science and engineering. 

Yugoslavia 

In March 1955, Yugoslavia set up a Federal Commission for Nu- 
clear Energy to coordinate research and development work and to de- 
velop liaison with corresponding organizations in other countries. 
Over a period of several years Yugoslavia has attempted to develop 
a cadre of well-trained nuclear scientists as a first step in building 
an atomic-energy program. Several of the younger scientists were 
sent to Western atomic-energy installations for “on the job” training. 


Yugoslavia is also hoping to gain experience through participating 
in the European Organization for Nuclear Research. 
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Present aim of Yugoslavia’s atomic-energy program is to make the 
greatest possible use of radioactive moon in industry, medicine, and 
agriculture, and eventually to produce electric power. In an effort to 
achieve these ends, Yugoslavia has accepted aid from both East and 
West. Yugoslavia recently was offered and accepted the Soviet offer 
of a research reactor and particle accelerator under conditions similar 
to those offered the satellites in early 1955. The reactor reportedly 
will be installed in the next 2 or 3 years. Yugoslavia will be limited 
in any program of extensive industrial use of atomic energy by insuffi- 
cient industrial support. 





BACKGROUND MATERIAL FOR CHAPTER 10 
ATTITUDES 


RePorT TO THE PANEL ON THE PEAcEFUuL Uses or Atomic ENERGY 0} 
THE JOINT CONGRESSIONAL CoMMITTEE OF ATomic ENERGY 


Presented by Mr. Walker Cisler, president, Atomic Industrial Forum, Inc., 
July 7, 1955, Washington, D. C. 


We have been invited to report on the kinds of questions that people 
within the range of our experience are asking about the development 
of atomic energy for peaceful purposes. 

Our report is limited in scope and penetration because of the short 
time available for its preparation. 

In gathering together this information, the forum requested and 
received the assistance of a number of individuals who are in frequent 
contact with the public in matters related to atomic energy. We are 
grateful for the help that we received from these people, and we have 
attached to this report the written materials they have submitted to us. 

Before taking up the questions that appear to be concerning people 
today, there are a few general observations that it might be useful to 
make. 

First, on the basis of our own experience and the experience of the 


people we have contacted, it is possible to recognize a genuine concern 
among substantial segments of the public about the implications of 


the peaceful development of atomic energy. This concern is exhib- 
ited for the most part by people who not only know something about 
s 


atomic energy but who also see in what they know a threat or an oppor- 
tunity that could directly affect their families, their businesses, their 
jobs, or themselves. It 1s our impression that the number of people 
in this category is substantial and steadily increasing. It by no means, 
however, constitutes a majority of the population. 

Another impression we have received is that, although increasing 
numbers of people are concerned about the peaceful atom, this concern 
is usually not articulated unless or until some provocation brings it out, 
or unless or until it is brought out by someone professionally inter- 
ested in obtaining it. Why this should be we can only speculate. 
We mention it here simply as something which appears to be true and 
conceivably important. 

There are several other observations we believe it might be useful 
to make. These have to do with the various factors which serve to 
establish the present environment in which people necessarily must 
do their thinking about atomic energy. These factors are important, 
we believe, because it is quite possible that if any one of them were to: 
change, the areas of concern of people in relation to the peaceful atom 
might also change. There are doubtless scores of other such factors, 
but the ones we feel worthy of particular mention here are as follows: 


367 
70101—56—vol. 2——-25 





368 PEACEFUL USES OF ATOMIC ENERGY 


1. Politically, we are in a period of cold war in which things are 
done and said and thought about not only in terms of the usual eco- 
nomic, sociological, and political considerations, but also in terms of 
the competition between the West and the East. There is, for example, 
the atoms for peace program, which has many implications outside of 
the area of pure diplomacy. 

2. The United States and much of the world is currently in a period 
of prosperity and full employment. — if this situation 
were reversed, the kinds of questions and areas of concern that arise 
in connection with atomic energy might be markedly different. 

3. Atomic energy is not the only current technological development 
which holds promise of having a substantial impact upon the present 
sociological and economic scheme of things. Examples of others are 
the electronics industry, with its automation implications, and solar 
energy. The atom, therefore, is but one of several technological forces 
currently threatening the status quo. 

4. There is the overriding fact that the peaceful atom and the mili- 
tary atom are almost hopelessly entwined—historically, psycholog- 
ically, administratively, and technologically. This not only affects 
the kinds of questions that people are asking about the peaceful atom, 
it actually creates a whole series of areas of concern that otherwise 
probably would not exist. Many of these have to do with matters of 
public policy and public administration, such as information control, 
Government regulation, protection of public investments, and so on. 
Others have to do with such matters as the basic psychological atti- 
tude with which both the layman and the expert approach the whole 
subject of atomic energy. So fundamental is this problem that the 
panel might well consider devoting some of its attention to the ques- 
tion of how—if at all—the separation of the peaceful from the military 
atom might be achieved, at least from the administrative and psycho- 
logical points of view. ‘The assumption has always been that the two 
are inseparable. It is our thought that this traditional notion might 
bear some careful scrutiny. 

5. The scientific community rarely misses an opportunity to inform 
us that there is actually very little known about atomic energy in com- 

arison with what there is to know. It is within the area of current 
Seeanblilien however, that the questions that concern people must orig- 
inate. It is conceivable, therefore, and probably to be expected, that 
technological breakthroughs will occur in the future which will make 
large segments of any present discussion passé. This would not ap- 
pear, however, to be sufficient reason for failing to think through our 
present position as carefully as possible so that we may approach the 
future with some degree of intelligence and foresight. 

With these as preliminary observations, I should like now to turn 
to the results of our efforts to draw together some of the questions that 
concern people today about the development and utilization of atomic 
energy for peaceful purposes. For purposes of this presentation, I 
should like to divide these into four categories: 

First: Technical and engineering; 
Second: Economic and commercial ; 
Third: Legal and governmental; and 
Fourth: Sahiaunenen. 
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TECHNICAL AND ENGINEERING 


We find that one of the most prevalent questions in this category is: 
“What can we do to make the most out of scientific developments to 
date?” For example, it is known that reactors can be built and that 
reactors can produce heat. People therefore are interested to know 
in how many ways it is technically possible to utilize this heat. They 
want to know if atomic heat can be used in industrial ao for 
space-heating purposes, for the propulsion of vehicles. They want to 
know in what size packages atomic heating units are likely to come. 
They want to know if fission products might be used as a heat source. 

The same type of questions arise in connection with the other impor- 
tant product of nuclear reactions: radiation. There are numerous 

uestions concerning how radiation might best be utilized, not only 
bor purposes already researched to some extent, such as food steri- 
lization and medical therapy, but also for less thoroughly understood 
purposes such as the inducement of chemical] reactions. 

So far as the continuation of present lines of development is con- 
cerned, much interest centers around the question of which reactor 
concept is likely to wind up to be the most economically desirable. 
There is also much interest developing in regard to the technological 
bottlenecks that threaten to inhibit the future growth of the indust 
or at least delay the date when economic feasibility can be achieved. 
Prime examples of these would be the problems associated with waste 
disposal, shielding, reprocessing of fuel elements, fuel fabrication, cor- 
rosion and high-temperature metallurgy. So many questions are 
raised in connection with waste Saavik be both Jaymen and indus- 


trial people alike, that it eg | deserves special mention. The 


principal such questions are: “Will the waste-disposal problem seri- 
ously restrict the utilization of atomic energy for peaceful purposes 
unless it is solved? Can it be solved? When will it likely be solved? 
When will it likely become acute if it is not solved ?” 

The technical aspects of safety constitute an area of much interest 
and concern. Here one encounters such questions as: “What really 
are the hazards connected with atomic-energy facilities? How effec- 
tive are ee safety devices and techniques and how can these be 
improved? Is it theoretically possible to build an inherently safe 
reactor ?” 

In the area of technology, there is also considerable concern as to 
whether atomic energy is likely to continue along present lines of 
development or suddenly take off in some radically new and different 
direction. The — in this instance involve principally an in- 
tense interest and curiosity about the technological feasibility of uti- 
lizing atomic energy directly without first converting it into heat and 
of harnessing the thermonuclear reaction for peaceful purposes. 


ECONOMIC AND COMMERCIAL 


A substantial proportion of the questions arising in connection with 
atomic energy have to do with its economic and commercial aspects. 
In the main these questions concern the extent to which atomic energy 
constitutes either a threat to established industries and trades or a 
potential creator of new ones. As might be expected, many industries 
today are engaged in studies to learn what effect, if any, atomic-energy 
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development will have on their competitive positions. There is also 
concern as to the effect atomic energy will have on employment and 
the bases for present labor-management relations. Quite naturally, 
there is also much. interest in how atomic energy may be expected to 
affect the general standard of living as well as the economic geography 
of the Nation and the world. 

A representative sample of the questions asked most frequently in 
this category may be listed as follows: 

1. Will the use of atomic energy cause substantial unemployment in 
certain industries or substantial obsolescence of skills, equipment, 
and techniques? If so, in what industries? 

2. Specifically, what effect will the development of atomic energy 
as a source of heat for power generation, propulsion, industrial proc- 
esses, and space heating have on the coal and oil industries? If the 
effect is essentially adverse, what impact will this in turn have on the 
railroad industry, which derives much of its business from the trans- 
port of coal? 

3. What effect will radiation sterilization have on the refrigeration 
business? If the effect is adverse, how in turn will this affect the 
equipment manufacturing and power generation industries, as well as 
the warehousing and distribution businesses ? 

4. What effect will atomic energy development have on the com- 
panies, together with their employees, presently engaged in the man- 
ufacture of conventional steam boilers and equipment ? 

5. Will the wide use of atomic energy make necessary substantial 
labor migrations? 

6. What will be the effect of atomic energy development upon the 
various regions of the United States? Can it be used to help dis- 
tressed areas ? 

7. How much will atomic energy development change the character 
of existing businesses? For example, already some business con- 
cerns—such as chemical, oil, electricity and electric equipment com- 
panies—are for the first time performing duties as general contractors. 
Is this a trend? Also, to what extent will the utility industry enter 
the isotope and byproduct business ? 

8. What is the actual worldwide demand for atomic energy facil- 
ities and equipment, and how much of this market might the United 
States normally expect to share? Relatedly, would a worldwide free 
market in uranium work to the advantage or disadvantage of the 
United States? 

9. What are the economic implications of further scientific and tech- 
nical development? For example, what would be the economic impact 
of mastery of the photosynthetic process through atomic research or 
harnessing of the thermonuclear reaction ? 

10. What effect will developments in other areas have on the eco- 
nomics of atomic energy utilization? For example, how will the cost 
of power from coal and oil affect the introduction of atomic energy as 
an economic source of heat for power and other purposes? How will 
developments in the solar energy field affect the economic future of 
atomic energy ¢ 

LEGAL AND GOVERNMENTAL 


Most of the questions in this category arise because the atomic energy 
program of the United States has until recently been directly owned 
and managed by the Federal Government, and is still subject to very 
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rigid Federal control. We believe that such questions are very per- 

tinent to the work of this panel, and are also of enormous significance 
to the nonmilitary development of atomic energy in general. Some 
representative ones are as follows: 

1. What should be the continuing role of the Government in nuclear 
research, reactor development, and training and education? How 
can Government-industry cooperation best becarried on? How should 
trained manpower be allocated as between Government and industry { 

2. What will the Government’s continuing demand for fissionable 
materials be? Will present price schedules be extended? How long 
will the Government's production plants remain in business ¢ 

3. Does the Government plan always to perform the feed materials 
processing and fuel reprocessing functions it now performs? Should 
it? Will an entirely non-Government mine-to-reactor production line 
ever be permitted to exist ? 

4. Is it possible to clarify the present patent situation, which many 
people believe to be confused? How do present patent laws and 
regulations affect the competitive position of American industry vis- 
a-vis foreign industry ? 

Is the fact that industry must report to the Government under 
present licensing provisions a deterrent to atomic development ? 

6. What are the most appropriate roles of the State, local, and 
Federal governments in regard to health and safety regul: ations? 
Should these be uniform? What should the responsibilities of Federal 
and State agencies be in other areas of atomic development ? 

7. The mission of the AEC has changed considerably since its estab- 
lishment. Is it now the best possible type of organization to handle 
its three important and separate responsibilities—operational, regu- 
latory, and judicial? Should the AEC have a labor advisory 
( RNA 4 

8. Are present policies that are directed at preventing an atomic 
giveaway actually resulting in concentrating atomic development in 
the hands of larger concerns, in that under present conditions a very 
substantial investment is required to participate ? 

9. What impact will the atoms for peace program have on American 
industry’s world competitive position in atomic energy? Is it likely 
to help or hinder? Is American nduntey allowed sufficient freedom 
to compete effectively in the world market ¢ 

10, What are the responsibilities of the Federal Government so far 
as solving the insurance problem is concerned ¢ 

11. Is the AEC doing all it can to broaden the industrial base of the 
— energy program of the United States ? 

Now that commercial uses of gamma radiation are being de- 
eaeaal should the AEC make Hanford fission products available to 
industry i in the near future? Should long-term feeding experiments 
be required before the commercial irradiation of food and dr ug prod- 
ucts is permitted ¢ 

Although all of these questions are asked with a good deal of fre- 
ate perhaps the greatest concentration of immediate interest in the 
legal and overnmental area is in connection with the information 
policies and ractices of the Government. The most basic question of 
this type is the following: “Is there enough information available un- 
der present security policies to enable businessmen, labor organiza- 
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tions, and others to reach accurate and independent judgments about 
the impact of atomic energy on their own activities ?” 

The type of information that many people in the industrial com- 
munity would clearly like to have, unless there is an overriding and 
realistic security reason why they should not, is that which concerns 
price schedules, production figures, costs, and advanced Government 
research programs, if any, in such areas as the fusion reaction. As 
Prof. William Krebs, of MIT, has informed the forum— 
the prevailing judgment that much of this material must remain classified is 
accepted, but a responsible challenge to this judgment by a respected and inde 
pendent group—even if it only confirms present practice—would be a constructive 
contribution. 

There is also the very fundamental question of whether or not the 
United States might now, in the light of military developments in the 
Soviet Union and peaceful progress at home, consider declassifying all 
atomic energy technology not directly related to weapons design and 
fabrication. The possible consequences of taking such an action—or 
on the other hand of failing to take it—are of much interest and con- 
cern to many people. 

Other questions occurring in the area of information policy are: 

1. Should not all of the AEC’s business be conducted openly unless 
security is directly and clearly involved? Isn’t it bad practice for the 
Government to seek important contractors in private, delaying public 
anouncements until final selections have been made ¢ 

2. If it cannot be declassified, why cannot all information of peace- 
ful use at least be placed in the so-called gray area? Why should it be 
necessary for anyone interested only in peaceful applications to be re- 
quired to have a Q clearance and access to secret data ? 

3. Isn’t there a strong temptation for the AEC to use its information 
control authority for purposes other than those authorized by law— 
for example, as a regulatory device, a means for withholding admin- 
istrative information, or as an instrument of international diplomacy ! 
Can and should this be avoided ? 

4. Can anything be done to improve the techniques by which un- 
classified and gray-area information is disseminated ? 


MANAGEMENT 


In this category fall all of the questions that managements, including 
the managements of labor organizations, must ask themselves and 
others in order to make good and effective decisions in the field of 
atomic energy. ‘These questions arise in connection with the practical 
aspects of some of the more theoretical considerations taken up in the 
categories. 


The questions that one hears most frequently in the management 
area are: “Should our company be active in atomic energy? If so, in 


what way? Howdowebegin? What kind of an organization do we 
need? What are our staff requirements? What are the cost factors! 
Where do we obtain information ?” 

Similar questions arise on an industrywide basis through trade 
associations, labor organizations, industrial research institutes and 
the like. The questions here are: “What should our industry be do- 
ing to prepare for the atomic age? How should we go about mobiliz- 
ing for maximum participation in the opportunities promised by 
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atomic energy?” In a sense, the Atomic Industrial Forum and the 
activities that other, older organizations in the atomic energy field 
are undertaking are evidence of industry’s efforts to solve some of 
these questions in its own way and with its own resources. It is our 
feeling that too much attention cannot be given to these problems. 

Among the problems of deep concern to management is that of 
training and sdnsation, particularly in connection with the increas- 
ingly choking bottleneck of technical manpower supply, for which the 
atomic energy industry is one of the chief competitors. Much of the 
interest centers on that primary specific problem, but it also spreads 
out into primary and secondary school programs, apprentice train- 
ing, employee training and retraining, management training, and 
public education. Some of the typical questions one hears in this 
connection are: 

1. What new skills will be required and what training pecans 
must be instituted to provide them? What are the responsibilities of 
industrial management and labor organizations in this regard? 

2. Specifically, will people employed in the production of conven- 
tional steam boilers and equipment have to discard their present 
skills and learn new ones in order to preserve their economic standing ? 

3. Outside of the atomic industry itself, what should be done in 
regard to the training of people whose vocational activities will be 
affected in one way or another by atomic energy, such as doctors, food 
processors, transportation people and the like ? 

Examples of other important questions arising in the management 
area are: 

1. What should manufacturers of conventional steam-producing 


equipment be doing now to prepare for the day when atomic power 
generation is widespread ? 
2. Will it be necessary for firms asking to enter the reactor business 
to make large outlays of money for new equipment and facilities ? 
3. What — functions should utility companies perform vis-a- 


vis chemical companies in regard to reactors producing both heat 
and radioactive products ? 

4. How will the advent of atomic energy affect existing interunion 
jurisdictional relationships? Also, if industry and Government co- 
operate in atomic energy to the extent of being actual partners in 
undertakings, how will this affect labor-management relationships 
under existing laws? 

5. How much money and talent should be devoted to basic research 
as opposed to development and manufacture? 

Of especially great concern to managements is the question of safety. 
with all of its public relations, cost, insurance, and regulatory aspects. 
Typical questions encountered in this connection are: 

1. How can management obtain the facts about hazards? 

2. How much insurance should management take out and how much 
should be paid for it? 

3. How much can management afford to pay for such safeguards as 
exclusion areas and facilities designed to contain accidents ? 

4. Will the safety problem became increasingly more complicated 
as the responsibility for safety is delegated to more and more people, 
skilled and unskilled? Is there a substantial training problem here? 

5. Is the transportation industry ready to handle radioactive ma- 
terials safely in quantity ? 
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6. Will the safety problem ultimately restrict the use of atomic 
energy in power stations, ships, aircraft, and locomotives! 

I think it is worth mentioning in connection with safety that one of 
the most striking recent developments is the apparent equanimity with 
which the public has accepted the beginning of construction of the 
atomic powerplant at Shippingport, and the announcement of plans 
to build Salis plants in New York, Illinois, Michigan, Nebraska, 
and Massachusetts. It would appear that public confidence in the 
ability of the nuclear expert to protect the public health and safety 
is increasing. But even here certain questions of vital interest to 
managements are raised, such as: “Is this conclusion valid? Could 
this apparent trend be reversed? If so, how can such a reversal be 
prevented ?” 

These are some of the questions that have come to our attention 
that people today are asking about atomic energy and its peaceful 
application. There are of course many others, and we regret that 
there is not time for a full discussion of them all in this presentation. 
We hope, however, that this more or less representative sample, to- 
gether with our few observations, may help the panel in deciding how 


its work can be of most value to the Joint Committee, the Congress, 
and the people at large. 


LETTER REQUESTING INFORMATION FORMING BASIS OF FORUM 
REPORT 


Atomic InpustrraAL Forum, Inc. 


As you may know, the Joint Congressional Committee on Atomic 
Energy has recently established a special Panel on the Impact of the 
Peaceful Uses of Atomic Energy for the purpose of submitting a 
report to the committee by January 31, 1956. 

The panel currently plans to meet on July 7 to set up its program 
of inquiry. In this connection, it has asked the forum to assist in 
drawing together some of the information it will use in planning its 
approach, including the contacting of selected individuals and organi- 
zations considered to have information of value. 

Among the kinds of things the panel is most interested in having 
drawn together are representative questions reflecting particular 
areas of concern regarding peacetime development of atomic energy. 
Inquiries relating to the extent to which peacetime atomic develop- 
ment may affect existing businesses, employment, foreign trade, or 
industrial decentralization are illustrative of the type of material the 
panel considers to be most helpful. 

In order to help make the report to the panel of maximum useful- 
ness, it would be very much appreciated if you could submit to us by 
June 27 representative questions of the type described above 
with which you have been concerned, or which may have been pre- 
sented to you by various organizations and individuals. If you have 
found there is very little or no concern on the part of people generally 
about the peaceful utilization of atomic energy, we would appreciate 
your telling us that. 

* From the information we obtain, the forum will prepare a report 
to be presented to the panel July 7. We want it to be as objective 
and comprehensive as possible. If you would permit us to submit 
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your response to this letter along with our report as documentation 
we would be most pleased to do so. 

We realize that, because of the shortness of the time involved, your 
response to this letter may have to be based on little more than impres- 
sions and remembered examples. Even so, this would be useful. 


REPLIES TO FORUM LETTER 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 


Enclosed are 12 questions which we have obtained from some of our 
members, indicating the types of queries now in their minds. 

(1) Is an effective program to be developed to allay fear by ac- 
quainting the public with the necessary safeguards for personnel ? 

(2) Is an effective program to be developed to acquaint doctors and 
hospital staffs with the basic radiation hazards and treatments! 

(3) Is there any program to secure uniformity, safety, and a rea- 
sonable balance between restriction and freedom in local and State 
building codes and permits ? 

(4) Is the transportation industry prepared to handle and trans- 
port radioactive materials safely, responsibly, and economically ¢ 

(5) Will the current prices for nuclear fuel supply and reprocess- 
ing, prices for heavy water, and credits for plutonium be declassified 
so that industry may determine the economics of reactors ¢ 

(6) How can serious accidents due to the misapplication of radia- 
tion by unskilled persons be avoided ¢ 

(7) How will Government agencies anticipate radiation hazards 
and correlate their responsibilities for the maintenance of public 
health § 

(8) What are the plans for clarification of peianh protection ¢ 

(9) Since current licenses require complete technical information 
to be supplied to the Government, what plans are being made to 
enable industry to protect its know-how ? 

(10) One of the major questions coming up in the minds of the 
public and in the minds of the educational fraternity is, How are our 
universities going to meet the demand for the scientific and tech- 
nical people required to develop and exploit the peacetime uses of 
atomic energy ¢ 

(11) After developing commercial uses of gama radiation, what 
sources will be available to industry in the near future? A limited 
number of fuel elements are presently available. Will Hanford slugs 
be made available until suitable fission products can be prepared? 

(12) In the irradiation of food and pharmaceutical products will 
it be necessary to run long-term feeding experiments to satisfy re- 
quirements of Food and Drug Administration ? 


Puiuures Perroteum Co. 


(ATOMIC ENERGY DIVISION) 


I can only say that we are at the present suffering considerably 
from the lack of people whom we can hire for our own work. We are 
unable to carry on some important development work because of the 
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lack of manpower. I gather that the competition is very keen for 
people in general and especially in the field of atomic energy. It is 
my feeling that this lack of employees, even without experience in 
atomic energy, will continue for some time. 

I, personally, do not feel that there is very much concern on the 
part of people in this general area concerning the peaceful utilization 
of atomic energy. Quite a bit of interest in specialized fields, such 
as potato irradiation, does exist in this area. 


NATIONAL ASSOCIATION OF MANUFACTURERS 


I am submitting two questions * * * about which several of our 
members are greatly concerned. 

1. In view of the tremendous possibilities of atomic power systems 
in most foreign countries, how is the American manufacturer to com- 
pete in the manufacture and sales of such equipment to foreign coun- 
tries, in view of the Government’s program to give our technology to 
foreign competitors and provide such competitors, through their gov- 
ernments, with free equipment, and so forth ? 

2. How will the United States manufacturer compete with for- 
eigners with respect to patents? In this country, a contractor for the 
United States Atomic Energy Commission must assign his inventions 
and patents to the Government. ‘This is not the case in foreign 
countries. Ultimately, United States manufacturers will have weak 
patent positions in the United States compared with foreigners devel- 
oping patent situations in the United States. ‘The net result will be 
that United States manufacturers will ultimately be paying substan- 
tial royalties to foreign nationals in an art which the United States has 
pioneered. 


INTERNATIONAL BROTHERHOOD OF BoILERMAKERS, [RON Supe BurLpers, 
BLACKSMITHS, ForGERS, AND HELPERS 


We feel a deep sense of gratification that we have been requested 
to make our small contribution to the special panel which is now con- 
sidering what we believe to be the most important aspect of such 
peaceful use of nuclear energy. We have felt for a long time that 
the social, economic, political, and international aspects of atomic 
energy far outweigh the military implications. Because of the short- 
ness of time, however, as you mention in your letter, our response 
will have to be on the basis of facts already in our possession. 

There are a great many points which must be considered in order 
to arrive at definite conclusions and, in turn, ramifications of these 
questions may be almost endless. However, there are questions which 
are, roughly and arbitrarily, divisible into three parts—first, those 
which affect the wage earner; second, those which affect employers; 
and, third, those which affect labor organizations. These divisions, 
of course, are as we see them, and industry or Government sources 
would quite possibly view them in another light. 

As to the concern displayed by most people, I have been deeply im- 
pressed by the fact that there has been a great deal of thinking applied 
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to the subject of atomic energy. My overall impression is that people 
are concerned. They are impressed by the significance of the subject 
and overawed by the military applications, but tend toward confidence 
to the extent that they are somewhat apathetic. 

This is to say they feel the subject of atomic energy in the military 
sense is quite deep and above their ken. That, together with the 
advances and the significant number of firsts which this Nation has 
derived from the present methods of exploiting nuclear energy, they 
feel that insofar as the military or semimilitary applications are con- 
cerned, they need not trouble themselves with thinking about the prog- 
ress of the atom, preferring to leave it entirely in the hands of the 
people who are presently responsible. 

This type of thinking, however, does not apply to the production of 
electrical power, the use of processing heat, medical, industrial, or 
agricultural uses. Naturally, these subjects which most closely touch 
the individual citizen are those in which most interest is evidenced 
and from these uses stem the most intelligent questions. 

The questions most often asked of us by our members deal prin- 
cipally with the effect of a new technology on the employment of peo- 
le who are currently involved in the production of conventional steam 
oilers and equipment. These people tend to fear the advent of a rela- 
tively new technology and its effect upon their current financial and 
social status, asking questions then such as the meaning of the new 
technology in terms of displacement of their particular skill or trade. 
In other words, will it be necessary for them to discard their present 
skill and learn an entirely new skill in order to preserve their economic 
standing? Will new trades evolve from a new industry such that the 


new trades are entirely dissimilar to existing trades? Or would there 
be techniques available which would cause obsolescence of the present 


welder, tube roller, steel fitter, etc.? In any analysis, to the individual 
wage earner economic questions of this type are a natural consequence. 

As to the sociological aspects, we have seen the slow death of coal 
mines with the concomitant displacement of persons employed therein. 
It has been necessary in thousands of cases for people employed in 
these mines to move their households and children hundreds of miles 
and then embark upon an entirely new trade. With the possible loca- 
tion of nuclear reactors in remote sectors of the country, they wonder 
if it will be necessary for them to transport their homes and families 
to these areas in order to build, maintain, and operate these reactors. 

This, I think, leads to another group of questions dealing with the 
employers of these people who are involved in handling conventional 
steam-producing equipment. These employers, most of whom are 
small-business men, have interests identical in many respects to those 
of their employees. While they are considerable factors in the pro- 
duction and erection of conventional equipment, they have no research 
departments and generally quite limited engineering facilities. We 
have been approached repeatedly by representatives of these organ- 
izations who evidence concern for the future and request information 
as to the best method of entering into the field of atomic energy in 
preparation for the day when atomic-power generation becomes an 
economic reality and the application widespread. 

There are many instances today of business concerns performin 
duties as general contractors who had not previously been in this posi- 
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tion. They were producers of chemicals, oil, electricity, etc. These 
new general contractors have quite evidently displaced other com- 
panies who for years had been general contractors dealing with the 
erection of power facilities. Will this trend continue or is it one of 
the throes through which an infant industry customarily passes? 
This is to say, of course, are the general contractors in the nuclear- 
power field the new faces, so to speak, with a consequent diminution 
of importance relegated to the present contractors ? 

Employers involved in today’s steam producing and utilities equip- 
ment are pretty generally specialty contractors, whose tools and equip- 
ment, whose knowledge of erection techniques and knowledge of codes, 
all pertain to the conventional type of steam generation. 

The employer and employee wonder what development of a new 
field would mean to them in terms of displacement of these existing 
methods. As to the problem dealing with codes, the contractor won- 
ders if the codes (of which the present ASME power boiler code is an 
example) for this new type of machine will be such that only large 
companies with relatively unlimited funds would be able to afford the 
machinery, testing and radiographic equipment required to erect 
such a facility properly and in accordance with the codes. To the 
manufacturers and erectors of present equipment, this could mean the 
investment of substantial sums of money for new equipment. 

We have an example of this at present wherein one company, which 
is one of the largest factors in the construction of power boilers today, 
has found it necessary and, indeed, more expedient to erect a completely 
new manufacturing plant instead of retooling his existing plant for 
the production of atomic energy components. On this basis, must it be 
assumed that those companies doing an important but smaller share 
of the business must do likewise and invest heavily in new plant and 
equipment ¢ 

Carrying this further, to what extent will it be necessary for an em- 

loyee involved in an existing manufacturing plant to train or retrain 
himself to handle equipment in newer plants? It seems to me, there- 
fore, that the questions which a worker may ask himself are identical 
in nature (but more limited in scope) to the questions which most 
manufacturers may ask. 

As a labor organization, we must consider these basic questions as 
having an indirect but extremely important effect upon our future 
plans. These economic problems may be diminished somewhat by our 
method of dealing with them, such as training programs or by acting 
as an information source. 

We have another area which gives rise to concern and deals more 
with the problem of interunion jurisdictional relationships. Since our 
trade is quite involved with the mechanical and platework (as well 
as boiler) installations in refineries, steel mills, chemical plants, etc., 
it necessarily follows that we have built up, both by historical practice 
and formal agreements, certain jurisdictional arrangements whereby 
the field of activity of one union is governed with respect to other 
trades. Consequently, we have jurisdictional understandings or agree- 
ments with virtually every other building trades organization. 

Thus, we, as an organization, are naturé ly concerned with the possi- 
ble impact of new tools, materials, methods, etc., upon these historical 
relations. We have, in a general way, revised 1 or 2 of those agree- 
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ments which have most urgently needed revision but we cannot at this 
time specifically revise existing agreements due, primarily, to the 
current state of flux in which reactor-boiler designs now find them- 
selves. The revision of these agreements likewise may affect to some 
degree the areas in which employers signatory to one or another build- 
ing trades organization agreements may choose to operate. _ 

It, therefore, is a problem which not only affects labor unions but 
contractors as well. This inability to renegotiate agreements is due in 
part to another question, which deals with security. We are interested 
in the speedy declassification of all reactor technology and submit that 
the question of security may well be a special point for consideration 
by the special panel, both as a national and international issue. 

We wonder, too, what the net effect will be in terms of labor rela- 
tions. With respect to this, one must take into consideration the effect 
of a Government-industry partnership upon such relations and the 
results of such a divided responsibility. The answer to this, of course, 
lies partly in the form such a partnership would take. 

For instance, would Government continue to operate in one sphere, 
industry in another, and correlate the activities, or would it be an 
out-and-out partnership in which both factors operate in the same 
sphere and toward the same objective? This may be worthy of the 
panel’s consideration as it is entirely possible that existing labor 
legislation may preclude certain normal labor-management relations 
where the Government is a party. 


Nuc ear Power Group, COMMONWEALTH Eptson Co. 


* * * We would like to submit the following suggestions: 

1. To what extent will the utility industry be likely to enter the 
business of producing and selling useful isotopes and nuclear by- 
products in order to reduce the cost of electricity ? 

2. How will the growth of nuclear power for electrical generation 
affect the growth of: (1) Coal production, (2) rail transportation of 
coal, and (3) the number of employees in these specific instances ? 

3. Will the production of weapons material as a byproduct of elec- 
trical generation eventually replace Government production facilities ? 

4. How will the preservation of fresh foods by irradiation affect 
the following: 

(1) Container business? 
(2) Refrigeration business, including manufacturing and 
power generation ? 


Unrrep ASsocraTION OF JOURNEYMEN AND APPRENTICES OF THE PLUMB- 
ING AND Pires Firrine Inpustry or THE UNITED STATES AND 
CANADA 


_We have found that among our membership interest in the peace- 
time development of atomic energy is considerable and constantly 
increasing. 

In specific answer to your request, our questions are: 
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EMPLOYMENT 


1. What will be the effect on employment ? 

2. How many of what kinds of jobs will be eliminated ? 

3. How any of what kinds of jobs will be created ? 

4. Specifically and regarding our immediate interest, how much 
work will be provided on construction of atomic installations for 
pipefitters ¢ 

5. How many maintenance pipefitters will be needed ? 

Questions 4 and 5 could be asked for all job classifications. 


EDUCATION AND TRAINING 


1. What basic improvements are needed in our educational system, 
especially at the primary and secondary levels, to provide an adequate 
foundation for the future training of scientists, engineers, and skilled 
workers that will be needed in atomic industry ! 

2. What new skills will be needed by members of the various crafts! 

3. What are the implications of these needs for training programs, 
especially apprentice training programs? 

4, Should higher qualifications be demanded of applicants for ap- 
vases training programs! For example, should more mathematics 

e required ? 
COST 


1. How will peacetime development of the atom affect general price 
level ? 
2. How will it affect prices to general consuming public of so-called 


necessities for decent standards of living? In other words, will cost 
of electricity be significantly higher when atomically produced than 
at present? Or will wide-scale peacetime developments of atomic 
power wait until production costs are reduced to permit continuance 
of present cost levels ? 


LABOR RELATIONS 


1. Should a labor advisory committee be constituted within AEC 
to advise that agency on labor-management relations in atomic 
industry ? 


Founp ror Peacerut Atomic DeveLormMent, INc. 


Herewith is an attempt to be responsive to your request of June 21 
for a listing of inquiries and representative questions reflecting par- 
ticular areas of concern regarding peacetime development of atomic 
energy. 

We have attempted to break down sample impressions of interest 
into: (a) Inquiries for advice on industrial opportunities, labor and 
industrial relations, and the like; (6) Inquiries for information about 
peacetime uses of atomic energy; (c) General comments and ideas 
which have been received by the fund. 
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INQUIRIES AND Contacts Norep By THE Funp For Preacerut ATOMIC 
DEVELOPMENT 


4. Inquiries requesting advice or comment on industrial problems, 
labor and industrial relations problems, and inquiries on how to 
get programs established in the field of peaceful uses of atomic 


energy 
ILLUSTRATIONS 


(1) Inquiries from firms interested in an assessment of the magni- 
tude of the foreign market for equipment. Firm A wrote the Fund 
for Peaceful Atomic Development, after verbal discussion with mem- 
bers of the fund staff, as follows: 

“T should like to express my gratitude for the information that 
you extended regarding potential foreign markets for the equip- 
ment that is associated with radiochemical and radiophysical 
research. It is our desire to be able to adequately evaluate this 
foreign market potential, particularly in the light of the new 
Government-sponsored atoms for peace program. 

“As we discussed last week, the firm (firm A) has participated in 
the planning of virtually all AEC laboratory facilities, and, as one 
might suspect, we feel that this experience is a valuable asset in 
this the age of atomic advances. We normally find ourselves 
involved in the planning stages of several smaller, non-AEC, 
nuclear chemical laboratories and we extend this engineering 
planning to those concerns as a free service, since by so doing we 
improve our sales position. 

“This new atoms for peace program has raised some question 
in our minds as to how effective we might be in extending our 
planning services to the existing (potential) foreign markets. 
Quite frankly, we are not well enough versed in the ramifications 
of this atomic developmental program to judge by ourselves. We 
are, therefore, graciously accepting any assistance that you may 
see fit to offer us.” 

(2) Research and philanthropic groups interested in participating 
in the field. 

“This institute is interested in studies and activities currently 
in progress on the problem of the peacetime uses of atomic energy. 
In particular, we are concerned with the problem of training 
skilled workers for employment in atomic energy plants. A com- 
mittee has recently been established at the institute to draw up a 
research proposal in this area. 

“TI would be very grateful to receive from you any advice you 
may have on the organization and development of such a program, 
and also any materials which you have either on this particular 
problem or on the work of the fund as a whole. 

“At the suggestion of one of the members of the Cooperative 
Research Foundation who has been active in the program of the 
Atomic Industrial Forum, I am writing you to express the inter- 
est of the Cooperative Research Foundation in participating in 
the program of the Fund for Peaceful Atomic Development.” 

The Cooperative Research Foundation has been active in building 
up a cooperative program in Brazil in support of an organization 
similar to the National Science Foundation in the United States. 





382 PEACEFUL USES OF ATOMIC ENERGY 


Eventually, it was at one time hoped that the foundation could aid 
in atomic energy development in Brazil. 

(3) Foreign entities inquiring about the possibilities of developing 
programs in their countries. 

(a) “We have read the speeches by Mr. Cisler and others on the 
subject of atomic energy and electric power. 

“As you know, Cuba is working on a rather large plan which 
will last until 1958 concerning the development of electric energy 
production, but we doubt whether you can make us any offer of 
economic interest on this particular matter; anyhow, we are able 
to send you some information about this plan if you find it of 
interest. 

“Isotopes might be of more immediate application, and al- 
though we are familiar with them, we would like to receive a de- 
tailed information in order to study their possibilities in Cuba.” 

(6) Another of the same type involves the exchange of corre- 
spondence we have had with Mexican institutions, including the 
Mexican Light & Power Co., and the National University of 
Mexico, in establishment of a training program and a general 
nuclear energy development scheme for that country. Requests 
have been made by these institutions for visits of specialists from 
the University of Michigan and elsewhere to discuss in seminars 
and in public gatherings in Mexico atomic energy matters. 

(ec) Similar requests have been responded to in India, Turkey, 
and Pakistan. In one case the Egyptian Government, through its 
American coordinator, requested a trained physicist to aid them 
in the establishment of an isotope laboratory. 


B. Increased interest in information and education 


(1) Students, ordinarily from the United States, request informa- 
tion on topics such as the following: Literature on the control of 
atomic energy; peacetime uses of atomic energy; training facilities 
available in the United States for foreign students, including financial 
assistance. 

(2) A few requests have come in for services in coordinating in- 
formation in such fields as isotopes. The following is from a memo- 
randum of conversation between a representative of the fund and an 
interested visitor from India: 

“I note what you say in regard to the unavailability of useful 
information on isotopes. ————, of our staff, who has given par- 
ticular attention to bibliographical and information matters, will 
go into this subject just as soon as he returns. * * * I have no 
doubt that we can turn up something that will be helpful to 
Dr. ———.” 

(3) Increased interest in education is illustrated by MIT. The 
school of engineering students are likely to double from the 1954-55 to 
the 1955-56 term in the specialized nuclear engineering courses. 


C. General comments 


(1) Proposals from overseas of ideas for the use of atomic energy. 
These vary from technical commercial proposals that we should sup- 
port in the field of use of isotopes in chemistry through to proposals 
to organize peaceful uses of atomic energy in their own countries and 
associate thereby with the fund. 
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CoMMUNICATION From Cuartes I. Camppetn (Nationa ACADEMY 
or ScIENCEs) 


I am quite certain that the impact of atomic energy on the whole of 
our technological civilization in the future will be profound. I don’t 
remember meeting anyone during the past 5 years who did not include 
this as a basic assumption in his speculations. But when we attempt 
to extend what we know to what we don’t know our boldest predictions 
hit wide of the mark. It is my personal conviction that the most 
important developments in atomic research of the future will be those 
that are so profoundly new that we could not possibly foresee them 
today. If I am right, then detailed discussion today of how the 
economy will be affected tomorrow by these developments is apt to put 
its emphasis on what will turn out to be the wrong place. 

Let me illustrate what I mean from the history of the electrical in- 
dustry. I gather that in the 1830’s as Faraday and Henry and others 
were discovering the phenomena connected with electromagnetic 
induction it was rather clear (to the boldest minds at least) that here 
was a new development that would lend itself to communications and 
in a limited way at least to move stnall mechanical devices. The story 
is told that when Faraday demonstrated the principles of electro- 
magnetic induction someone (I’ve heard that it was the Chancellor 
of the Exchequer) said, “That’s very interesting but what good is it?” 
Faraday is supposed to have replied : “What good is a newborn baby ?” 
Faraday’s answer is in part my answer to your question: please re- 
member that in spite of its gargantuan proportions and its grotesquely 
distorted development atomic energy is today little more than a new- 
born baby. Another group who might have asked Faraday “What 
good is it?” was a great whaling industry of the 19th century based on 
the demand for sperm oil to illuminate the world. I doubt that Fara- 
day or anyone else would have dreamed that his electricity would make 
the candle hopelessly obsolete. I doubt even that he would have told 
the fleet captains that his plaything would lead to devices that would 
enable ships to navigate without reference to the stars (loran) and to 
see each other in the thickest fogs (radar). 

In the same way when we try to see now just how the peaceful devel- 
opment of atomic energy will affect our lives our best guess may prove 
to be quite wrong or at most trivial. But turning from the next half 
century to the next 10 years there are unquestionably developments 
afoot even now that will have great industrial significance. These are 
the development of power from nuclear energy, the use of nuclear 
radiations for sterilization and process modification, and the use of 
nuclear radiations and byproducts for research. I daresay that even 
today nuclear power technology has reached a point where it would 
find ready application in industry in certain strategic circumstances 
if administrative problems could be solved. I think particularly of 
the electrometallurgical industry where the problem of getting power 
and ore together can result in spectacular efforts such as the project 
in British Columbia. Another general area is in providing power to 
countries and areas where coal, oil, or hydropower are inaccessible, 
such as India, certain parts of South America, etc. 

_ Radiation sterilization has enormous potentialities, it seems to me, 
in countries like our own where refrigeration is common, but a not 
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insignificant item in the cost of marketing perishable foods, but espe- 
cially in countries where refrigerating facilities for the food trans- 
port industry are as yet undeveloped. Of course there are problems 
of safety and deterioration of flavor yet to be dealt with, but I find 
it impossible to believe that in a few years these problems will not be 
solved. Think what it would mean to the citrus fruit industry of 
this country if radiation sterilization could delay by only a week the 
development of surface molds. And suppose that in doing this a 
few electronuclear machines could replace the iceplants and refriger- 
ated boxcars that now are used to delay deterioration. The use of 
radiations in other ways is only beginning to be explored. So far 
emphasis is on polymerization control and cross linkages in certain 
plastics, but I would guess that within 2 or 3 years several other 
similar applications will be discovered. 

It is too bad there is no way to assess the impact of the use of radio- 
active isotopes as research tools. I could believe that this may in the 
long run be the most important contribution nuclear energy makes 
to the world. Suppose for example that we could really understand 
and effectively use the photosynthesis reaction as a result of the great 
help tagged molecules have already provided. Suppose in general 
that tracers in research enable us to understand and duplicate the 
remarkably efficient yields of the chemical processes carried on by 
living organisms. The whole field of chemical fertilizers would be 
turned upside down if we could do as well getting the nitrogen from 
the air into the ground as certain plants can do. 

These ideas certainly did not originate with me, needless to say, 
but I share them with a great many others and believe them to be 
reasonable expectations for the future. I want to emphasize again, 
however, that the most important ideas are no doubt the ones nobody 
has yet had, and they are likely to arise from quite unexpected direc- 
tions. It follows from this that if we are to assure ourselves of a 
high probability of profoundly important discoveries tomorrow we 
must be chary today in our attempts to discern which lines of approach 
will be most fruitful. Today’s predictions are almost certain to be 
more wrong than right, but if we emphasize a wide range of funda- 
mental explorations of the nature of the universe we are statistically 
certain of finding new knowledge of profound importance. 

I believe this idea is not well understood by those who stand to 
profit most from it, and for that reason I have made it predominant 
in my reply to you. You are welcome to make whatever use of my 
remarks you wish. If you do not consider them responsive to the 
Joint Committee’s needs I wil) be sorry not to have been more helpful, 
but in whatever circumstance I hope that you will lose no opportunity 
to remind those who are exploiting creative scientific ideas to the 
advantage of the public welfare that they are born in the most im- 
orobable circumstances that make us ask with the Chancellor of the 
eddcansin “But what good is it?” 


NATIONAL INDUSTRIAL CONFERENCE BOARD 


These comments and suggestions, within the time limit imposed, 
can only be expressions of attitudes expressed to me by industrial and 
business firms engaged or interested in atomic energy developments. 
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In no sense should they be interpreted to reflect the exact thinking 
of either the conference board or its associates. However, from the 
numerous contacts and close associations we have had within the 
past year or so with many organizations in this field, perhaps the 
following list of questions can be useful. These questions have fre- 
quently appeared in our discussions and seem to be of primary con- 
cern to many firms: 

(1) How and when is the insurance problem to be solved? Does 
the extent of the liability require Government coverage, or can the 
atomic-energy industry expect it to be handled within the normal 
channels of the insurance industry # 

(2) The patent provisions of the new Atomic Energy Act seem 
to require clarification, both from the standpoint of congressional 
intent and from the technological standpoint. 

(3) What reactor designs are going to pay off in the power field! 
Can industry continue to expect governmental aid in development 
and research in this area ? 

(4) What is the foreign-market potential of atomic energy, par- 
ticularly in terms of governmental regulations for the export of know- 
how, engineering and design, reactors, reactor components, nuclear 
fuels, and reprocessing, etc. ? ‘ : Sib 

(5) What are the real hazards involved in widespread utilization 
and operation of nuclear powerplants? What is the solution between 
the two extremes of “exclusion area concept,” versus containment in 
the hazards field ¢ 

(6) Are waste disposal problems of such a magnitude as to pose a 
serious bottleneck to the development of a nuclear-power industry? 

(7) Does the guaranteed price for special nuclear materials (fis- 
sionable) end when stated in the present regulations, or will it be 
continued? If not, the question concerns itself with the importance 
of the development of duai-purpose nuclear plants. 

_ (8) The fuel-reprocessing problem is of special concern. Does 
governmental policy envisage utilization of AEC facilities for fuel 
processing ? 

(9) What is being done to help assure industry of a continuing 
supply of trained manpower in the nuclear field? Do the weapons 
and AEC research and development programs take cognizance of this 


need ¢ 


Massacnuserts Instirure or Trcunortocy, Scuoot or InNpusrrran 


MANAGEMENT 


It is my impression, drawn in part from my work as executive secre- 
tary of the New England Committee on Atomic Energy, in part from 
contacts with the public in the course of talks about atomic energy I 
have been giving around New England and elsewhere over the last 
12 months, and in part from work with private firms interested in 
atomic industrial development that there is widespread an wholesome 
interest in the problems of peaceful utilization. Unfortunately, this 
interest is coupled with an assumption that useful information in the 
field is hard to come by. As this unwarranted assumption dissolves, 
! would expect the development of keener public interest in and much 
more responsive scrutiny and criticism of important policy decisions 
as they are being made by the Congress and the executive branch. 
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The appointment of the McKinney committee is thus, in my opinion, 
important and timely. Its obvious limitation is the time at its dis- 
posal, since I understand that it is required to report by January 31, 
1956. Within this limit I would suppose that the most that it can do 
is to make a current survey of important areas of impact and identify 
the most pressing problems. With this in mind, I have reviewed my 
recollection of questions that have appeared to concern those with 
whom I have been in contact over the last year or so and have drawn 
up the brief list which follows. Obviously, the selection to some extent 
reflects my own opinion. as to the relative importance of issues into 
which the committee may wish to look. 

1. Is there enough information available under current security pol- 
icies to enable businessmen to reach accurate and independent judg- 
ments about the impact of atomic energy on their own activities ! 

Comment: It appears to some of those with whom I have talked 
that the really crucial information—price schedules, production 
figures, cost data, Government advanced research programs—if 
any—in the fusion field, and similar matters—are still beyond the 
reach of the business community at large. The prevailing judg- 
ment that much of this material must remain classified is accepted, 
but a responsible challenge to this judgment by a respected and 
independent group—even if it only confirmed present practices— 
would be a constructive contribution. 

2. Is sufficient effort being expended to develop techniques and pol- 
icies which will break the increasingly choking bottleneck of technical 
manpower supply ? 

Comment: This is recognized to be a problem of concern to the 
national strength and economy asa whole. Yet the atomic energy 
program is a prime consumer of such manpower and thus a direct 
and important competitor for the scarce resource. 

3. Are present policies directed at preventing a giveaway of atomic 
know-how actually resulting in concentrating atomic industrial devel- 
opment in the hands of the larger concerns ? 

Comment : Getting into many phases of atomic industrial devel- 
opment is an expensive and hazardous affair. The company with 
a long purse can stand many years of losses in the expectation 
of a profitable future. Smaller organizations cannot do so. Are 
there policies acceptable in a free-enterprise environment which 
will nurture the growth of competitive business not yet strong 
enough to stand up to the giants ? 

4. What is the proper allocation of responsibilities in atomic energy 
planning, regulation, and promotion as between the National and 
State and local governments ? 

Comment: There are many areas of traditional concern to the 
States and localities in our Federal system of government in which 
only the AEC has been the actor in the last 10 years. Changes in 
the nature of the basic law have created new responsibilities for 
the States. How should these be developed ? 

Wiuiam A. W. Kreps, Jr., 
Associate Professor of Law. 





BACKGROUND MATERIAL FOR CHAPTER ll 
SECRECY AND CONTROL OF INFORMATION 


Starr SuMMARY OF BacKGROUND PAPERS ON SECRECY AND 
DECLASSIFICATION 


The underlying purpose of secrecy and classification of information 
is twofold: First, it is aimed at concealing from potential enemies 
information significant to the national defense; second, it is aimed at 
preventing a potential enemy from knowing the character, scope, and 
direction of efforts being made to improve the defense posture of the 
Nation. Both these objectives have decreasing value with the passage 
of time as any particular piece of information is involved. First, 
potential enemies actually acquire the same technical information as 
that which is being protected by classification ; at some point the enemy 
knows as much as we do about any particular scientific or technical 
fact. Secondly, implementation of national defense plans gradually 
brings about exposure since physical access cannot be concealecé beyond 
a certain point; large physical installations are inevitably viewed by 
the population at large. 

The right of the Government to control information in the interest 
of national security is constitutional. There is general agreement 
that secrecy and classification are necessary parts in the maintenance 
of the national defense posture. 

There are two systems now in force for the control of information 
relating to national security. The most widespread system is that 
employed with regard to defense information which is administered 
under an Executive order. A narrower area involves information 
categorized as restricted data. The Atomic Energy Commission has 
complete authority to determine what information falls within this 
category and only the Commission can take steps to remove material 
from this category. The Commission has defined entire broad areas 
of information relating to atomic energy to be restricted data. Newly 
developed facts in these areas are “born classified.” Such facts can 
be made available only to properly authorized persons; such authori- 
zation for access is controlled completely by the Commission. 

The Atomic Energy Act of 1954 urges the Commission to take such 
steps as it can, without undue damage to national security, to allow 
atomic-energy information to be available to as many people as pos- 
sible. For the accomplishment of this, the law encourages prompt 
declassification and authorizes the establishment of categories of sen- 
sitivity of data together with parallel categories of clearance for 
individuals. 

The Commission reports that it is instituting procedures to speed 
review of an increasingly large volume of atomic technology related 
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to peaceful uses. In addition, the Commission has established a 
system of access permits which can be granted to individuals with less 
complete investigation than required for access to highly sensitive 
information. L clearances, granted to the holders of access permits, 
give access to confidential restricted data designed for industrial use. 

mplementation of this system is moving slowly, particularly with 
regard to the reclassification of information to be made available to 
access permit holders. The Commission reports that the slowness of 
implementation is not a serious barrier to prompt development of 
peaceful uses because most of the information needed by industry has 
already been either declassified or designated as declassifiable. In- 
dustry representatives counter that information designated as “declas- 
sifiable” is still not readily available and that additional information 
is presumed by industry to lie within those areas still highly classified 
because of their connection with military applications, 

The Department of Defense takes the position that declassifica- 
tion of information related to national security requires striking a 
balance between stimulation of American business and concealment 
of information of military value to a potential enemy. The Defense 
Department considers any information relating to, or permitting the 
calculation of, the quantities of special nuclear material produced as 
being information vital to national security. A sharp difference 
of opinion exists between the Defense Department and the Atomic 
Energy Commission as to the sensitivity of such information. The 
difference of opinion appears to lie in the evaluation of the ability of 
an enemy to develop accurate data on this subject on the basis of 
information already available in published form. 

The Discussion Group which examined this entire problem area 
concluded that industry needs freer access to atomic energy informa- 
tion than it now has if it is to move expeditiously in the development 
of peaceful uses. The classification and secrecy obstacle is espe- 
cially burdensome as it affects the confidence of American investors 
that all of the facts bearing on the possible success of the projects in 
which they might invest are not available to them because of secrecy 
imposed by the Commission and the Defense Department. The Dis- 
cussion Group recommended that consideration he iven to two pos- 
sible courses of action. First, the Congress might redefine “Re- 
stricted Data,” so as to limit it to “all data concerning the design, 
manufacture, or utilization of atomic weapons.” This would in 
effect remove the imposition of the “born classified” concept of data 
useful to peaceful development. Such a redefinition would permit 
the application of defense classification to such information as still 
had to be concealed in the interest of national security. An alternate 
proposal would be to encourage the Commission to speed up down- 
grading and declassification by whatever means possible and, at the 
same time, begin serious study of methods to simplify communica- 
tion of classified matters to the pertinent portions of the industrial 
community. The Discussion Group concluded that it would not be 
wise to undertake legislative action until the Congress was satisfied 
that the necessary balance between development of peaceful uses and 
protection of national security could not be achieved by administra- 
tive action under existing laws. 
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TERMS OF REFERENCE 


In accordance with the request of the Panel on the Impact of the 
Peaceful Uses of Atomic Energy of the Joint Committee on Atomic 
Energy, we have undertaken a study of certain aspects of control of 
atomic energy information by the United States Government. 

We were requested by the panel to explore the constitutional and 
other legal powers necessary to valid exercise of Federal control in 
this area of information. We have examined the constitutional, leg- 
islative, and administrative principles involved and now submit cer- 
tain relevant propositions. 

We found it necessary to proceed beyond the legal framework to 
examine implementation of the standards framed by Congress for the 
administrative agency. We can, therefore, submit relevant comments 
on the factual side of the problem and the administrative classifi- 
cation procedures of the Atomic Energy Commission. Here we were 
assisted by the absence of substantial controversy between represent- 
atives of the Atomic Energy Commission and representatives of in- 
dustry as to the facts obtaining today. 

Our report, therefore, will present a summary of the salient points 
involved in a legal analysis of Federal control of atomic energy in- 
formation and also will present certain conclusions of fact as to the 
application of administrative procedures within the classification or- 
ganization of the Atomic Energy Commission. From these, we are 
able to make recommendations to the panel—both as to a suggested 
approach for their study and as to a possible course of action they may 
wish to recommend to the Joint Committee on Atomic Energy. 


PROPOSITIONS OF LAW 


We endorse the paper entitled “Constitutional Considerations,” 
prepared for the seminar by the Library of Congress which appears 
as appendix I to the report. ‘This paper draws no conclusions but we 
feel that certain conclusions evolve teen the principles enunciated. 
From study of this paper and our discussions, we can submit the fol- 
lowing in summary: 

We must accept the proposition that the Federal Government has 
within itself the means of protecting itself against dangers from any 
source whatever. ‘These means are found in what are cadienaily called 
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the war powers. The exercise of these war powers may necessarily 
subordinate at times individual rights, such as those found in the first 
amendment to the Constitution which states that Congress shall make 
no law abridging the freedom of speech or of the press. Obviously 
the restraints imposed with respect to the atomic-energy program con- 
stitute such an ditt, This can be reconciled of course because 
such individual rights are not absolute. The Federal Government, 
therefore, has the power to classify information so long as there is a 
rational connection between the data and the war powers. 

The Atomic Energy Act imposes a prior restraint on information. 
In other words, there is control before data comes into existence. The 
fact that we can reconcile the war powers with fundamental freedoms 
does not make such unprecedented previous restraints acceptable. 
This restraint per se is difficult to accept. 

The history of the atomic energy program in the United States 
reveals that in 1940 when the Federai Government entered this free 
community of scientific information, the war powers under the Con- 
stitution were invoked and large bodies of atomic information were 
classified. This was the situation at the time of the enactment of the 
Atomic Energy Act of 1946 and the act brought under the AEC 
bodies of information previously considered classified, and provided 
for future prior restraint. 

Congress then in the 1946 act and more expressly in the 1954 act 
defined restricted data and provided the administrative machinery in 
general terms for its declassification and release. In so doing it made 
a strong statement of policy which was to guide the administration 
of the act. This policy, in line with the act, contemplated declassifica- 
tion to the extent that it was consonant with requirements for our 
national security. 

Everybody connected with the discussion agreed that to the extent 
that restraints were not required for the national security, they were 
frustrating and probably represented improper abridgements under 
the first amendment. The necessary fact finding in this regard is an 
administrative finding under the Atomic Energy Act. In light of all 
such factors, good administrative procedures leading to such findings 
and related action could make prior restraint acceptable. 

Within the Atomic Energy Commission there was established a 
Division of Classification. ‘This Division promulgated the rules, reg- 
ulations, and procedures published by the Commission concerning 
classification and declassification of data covered under the act. 

Representatives of the Atomic Energy Commission believed they 
had maintained the required constitutional balance between the pro- 
tection of the national security under the war powers and the elimina- 
tion of restraints essential to a proper application of the first amend- 
ment. They expressed a desire to expedite declassification but believed 
that present procedures were limited in operation by inadequate 
staffing. 

A new program has been proposed by the Division of Classification 
but it has not been approved by the General Manager of the Atomic 
Energy Commission. This new program was not outlined in detail 
but essentially it called for additional personnel and simplified pro- 
cedures for declassification. 
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Involved are some 28,000 papers which represent the main body of 
information concerning reactor technology. 

Representatives of industry also drew attention to the need for 
more declassification. (See prepared comments, appendix IT, p. 397.) 

The factual situation existing today presented by representatives of 
industry is essentially the same as that presented by members of the 
Atomic Energy Commission with the following notable exceptions: 

Industry representatives believed that the so-called 28,000 basic 
papers did not represent the bulk of information on reactor tech- 
nology. They also drew attention to the fact that many papers are 
constantly being prepared on reactor technology and their number 
may be equal to the declassification effort. 

Industry representatives discussed the uncertainty existing between 
the terms “unclassified” and “declassifiable.” It was their under- 
standing that declassifiable information could not be published with- 
out further administrative action. 

We wish to reemphasize that, despite the exceptions noted above, 
there was substantial uniformity of opinion between the AEC repre- 
sentatives and the representatives of industry. Both groups called 
for more rapid declassification. No one who appeared before us un- 
equivocally stated that such could not be accomplished by adminis- 
trative means, 

RECOMMENDATIONS 


(1) We recommend to the panel, and ultimately to the Joint Com- 
mittee on Atomic Energy, that in their consideration of this problem 
they bear in mind the basic constitutional and legislative principles 
involved to assure proper perspective of the issues. 

(2) In our discussions two possible courses of action leading to 
the declassification considered desirable by both industry and the 
AEC were discussed. 

One is: (a2) The Atomic Energy Commission could be encouraged 
to bring about such administrative remedy as may be necessary to 
meet the desires for declassification. Such remedies could embody 
any of the following, as well as additional remedies found necessary 
by the panel and the Committee: 


1. Assignment of additional personnel. 

2. A review of procedures with a view to delegating more 
authority. 

3. Ways and means of simplifying and expediting the de- 
classification activities themselves, such as declassification of 
broad categories rather than on a document-by-document basis. 

4. Promulgation of clear-cut understanding concerning such 
words as “unclassified” and “declassifiable” and other terminology 
so as to limit administrative findings. 

5. Study of methods to simplify communication in classified 
matters relating to the peacetime uses of atomic energy. 


The second is: 
(>) A legislative proposal could be drafted to amend the Atomic 
Energy Act and revise the definition of restricted data. This amend- 


1“Restricted data” means all data concerning (1) design, manufacture, or utilization 
of atomic weapons; (2) the production of special nuclear material; or (3) the use of 
special nuclear material in the production of energy, but shall not include data declassified 
or removed from the restricted data category pursuant to sec. 142. 
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ment to the act would limit the term “restricted data” to mean all data 
concerning the design, manufacture, or utilization of atomic weapons 
and in effect would abolish the prior restraint on the peaceful uses of 
atomic energy. 

The executive branch could then, if it chose, classify information 
outside of this category which it deemed related to national defense as 
defense information under the Espionage Act and eliminate prior 
restraint. 

We are hesitant to recommend which of the suggested courses is 


. 2. ¥ = . 
most desirable now and offer the above approaches in the alternative. 


ee 


Seminar AppenpDIx I 
CoNSTITUTIONAL CONSIDERATIONS 
PREPARED BY THE LIBRARY OF CONGRESS 


One of the functions of the Panel on the Impact of the Peaceful 
Uses of Atomic Energy is to recommend legislative and policy actions, 
if they are needed, to speed the proper development of peaceful uses 
of atomic energy under both Government and private auspices. The 
primary objective is immediate development of low-cost atomic- 
powered electric generators. This requires a study of certain pro- 
visions of the law and how they have been administered. In this 
connection, it has been suggested that a short statement of constitu- 
tional powers and principles of interpretation and application might 
serve as a guide, in certain instances, to an understanding of some of 


the basic problems or disputes. 
A good starting point is Story’s statement that: 


Whenever * * * a question arises concerning the constitutionality of a par- 
ticular power, the first question is whether the power be expressed in the Con- 
stitution. If it be, the question is decided. If it be not expressed, the next ques- 
tion must be whether it is properly an incident to an express power and neces- 
sary to its execution. If it be, then it may be exercised by Congress. If not, 
Congress cannot exercise it * * * (Story, Commentaries on the Constitution, 
§ 1243, as quoted in U. S. v. Harris (1883), 106 U. 8S. 629, 636.) 

Article I, section 8, clause 1, of the Constitution of the United States 
ee Congress to “provide for the common defense and general 
welfare.” It is also empowered to “declare war” (cl. 11), “raise and 
support armies” (cl. 12), “provide and maintain a Navy” (cl. 13), 
“make rules for the government and regulation of the land and naval 
forces” (cl. 14), “repel invasions” (cl. 15), and “make all laws which 
shall be necessary and proper for carrying into execution the fore- 
going powers, and all other powers vested by this Constitution in the 
Government of the United States, or any department or officer there- 
of” (cl. 18). Powers of this nature sometimes are referred to col- 
lectively as the “war powers.” They are tremendous in scope. Ash- 
wander v. T. V. A. (1936), 297 U. S. 288. But an exercise of such 
powers must be harmonized or reconciled, at times, with other consti- 
tutional provisions. In this particular instance, the provisions for 
restricting or controlling atomic information, enacted in the Atomic 
Snergy Act of 1954, must be harmonized or reconciled with the first 
amendment which says that “Congress shall make no law * * * 
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abridging the freedom of speech, or of the press.” This amendment 
has been construed emails to proscribe legislation imposing “pre- 
vious restraints.” See Patterson v. Colorado (1907), 205 U.S. 454, 
462; and Near v. Minnesota (1931), 283 U.S. 697, 713 ff. Subsequent 
punishment will not be a controlling criterion but the use of injunc- 
tive relief may. Id., pp. 722-723. But the rights protected by the 
first amendment are not absolute rights. See Balenek v. U.S. (1919), 
249 U. S. 47, 52; Frohwerk v. U. 5 (1919), 249 U. S. 204; Cantwell 
v. Connecticut (1940), 310 U. S. 296, and Dennis v. U. S. (1951), 341 
U.S.494. See also Reynolds v. U.S. (1879), 98 U.S. 145, and Banley 
vy. U. S. (1943), 1384 F. 2d 987. In the latter case, as in the Schenck 
and Frohwerk cases, the amendment afforded no insulation against 
prosecution for advising evasion of the Selective Training and Service 
Act. Further, Congress can raise armed forces by conscription not- 
withstanding the “involuntary servitude” provision of the thirteenth 
amendment. Selective Draft Cases (1918), 245 U.S. 366. As stated 
in Dennis v. U. S. (1951), supra, p. 501, the question with which we 
are concerned is not whether Congress has power to protect the Gov- 
ernment of the United States, but whether the means which it employs 
conflict with the first amendment. 

The general principles of interpretation, which may serve as guides 
in understanding or reconciling constitutional provisions, state that 
the Constitution is a charter of government, not a code of laws; that 
it unavoidably deals in general language; that its provisions must be 
harmonized; that it was intended to cope with exigencies of the fu- 
ture; and that it was not intended to be self-destructive. We have 
selected the six following quotations for consideration : 


The constitution unavoidably deals in general language. It did not suit the 
purposes of the people, in framing this great charter of our liberties, to provide 
for minute specifications of its powers, or to declare the means by which those 
powers should be carried into execution. It was foreseen, that this would be 
perilous and difficult, if not an impracticable, task. The instrument was not 
intended to provide merely for the exigencies of a few years, but was to endure 
through a long lapse of ages, the events of which were locked up in the in- 
scrutable purposes of Providence. It could not be forseen, what new changes and 
modifications of power might be indispensable to effectuate the general objects 
of the charter; and restrictions and specifications, which at present, might seem 
salutary, might, in the end, prove the overthrow of the system itself. Hence, its 
powers are expressed in general terms, leaving to the legislature, from time to 
time, to adopt its own means to effectuate legitimate objects, and to mould and 
model the exercise of its powers, as its own wisdom, and the public interests, 
should require. (Martin v. Hunter (1816) 1 Wheat. 304, 326, Justice Story.) 

** * But a constitution is framed for ages to come, and is designed to approach 
immortality, as nearly as human institutions can approach it. Its course can- 
not always be tranquil. It is exposed to storms and tempests, and its framers 
must be unwise statesmen indeed, if they have not provided it, so far as its 
nature will permit, with the means of self-preservation from the perils it may 
be destined to encounter. No government ought to be 80 defective in its organiza- 
tion, as not to contain within itself, the means of securing the execution of its 
own laws against other dangers than those which occur every day * * *. 
(Cohens v. Virginia (1821) 6 Wheat. 264, 387, Chief Justice Marshall. ) 

In expounding the Constitution of the United States, every word must have 
its due force, and appropriate meaning; for it is evident from the whole instru- 
ment, that no word was unnecessarily used, or needlessly added. The many 
discussions which have taken place upon the construction of the constitution, 
have proved the correctness of this proposition; and shown the high talent, the 
caution and the foresight of the illustrious men who framed it. Every word 
appears to have been weighed with the utmost deliberation, and its force and 
effect to have been fully understood. No word in the instrument, therefore, can 
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be rejected as superfluous or unmeaning * * *. (Holmes vy. Jenison (1840) 14 
Pet. 540, 570, Chief Justice Taney.) 

* * * Tt is also settled beyond dispute that the Constitution is not self. 
destructive. In other words, that the powers it confers on the one hand it does 
not immediately take away on the other, * * * (Billings v. U. S. (1914), 232 
U .S. 261, 282, Chief Justice White. See also Dick v. U. 8S. (1908), 208 U. §., 
340, 353.) 

* * * But in determining whether a provision of the Constitution applies to 
a new subject matter, it is of little significance that it is one with which the 
framers were not familiar. For in setting up an enduring framework of 
government they undertook to carry out for the indefinite future and in all the 
changing vicissitudes of the changing affairs of men, those fundamental purposes 
which the instrument itself discloses. Hence we read its words, not as we read 
legislative codes which are subject to continuous revision with the changing 
course of events, but as the revelation of the great purposes which were intended 
to be achieved by the Constitution as a continuous instrument of govern- 
ment * * *, If we remember that “it is a Constitution we are expounding,” 
we cannot rightly prefer, of the possible meanings of its words, that which will 
defeat rather than effectuate the constitutional purpose. (U.S. v. Classic (1941), 
313 U. 8. 299, 316, Justice Stone.) 


e a » e * e * 

* * * “Let the end be legitimate; let it be within the scope of the Constitution, 
and all means which are appropriate, which are plainly adapted to that end, 
which are not prohibited, but consist with the letter and spirit of the Consti- 
tution, are constitutional” (McCulloch vy. Maryland, 4 Wheat. 316, 421) * * *. 

* * * [I]t is of the highest importance that the fundamental! purposes of the 
Constitution be kept in mind and given effect in order that, through the Con- 
stitution, the people of the United States may in time of war as in peace bring 
to the support of those purposes the full force of their united action. In time of 
crisis nothing could be more tragic and less expressive of the intent of the people 
than so to construe their Constitution that by its own terms it would substantially 
hinder rather than help them in defending their national safety. (Lichter v. 
U.S. (1948), 384 U. 8. 742, 779-780, Justice Burton.) 


Assuming a proper delegation by Congress, in sections 141 and 142, 
infra, of administrative powers, the question to be kept constantly in 
mind, in studying practices and procedures relating to release of infor- 
mation by the ‘Atomic Ener gy Commission, is whether restraints 
offending the guarantee of the freedom of speech or of the press are 
maintained after they no longer are required in the interest of the 
common defense or in support of the “war powers.” To the extent 
that they are unnecessarily retained, it may be assumed that they 
offend accepted constitution: 7 concepts. Both the Commission and 
industry should be asked specifically whether a proper balance or rela- 
tionship of the constitutional objectives has been achieved and 
maintained. 

The Atomic Energy Act of 1954 (68 Stat. 919) primarily has two 
purposes connected with the development of atomic energy and impor- 
tant to this study: (1) The safeguarding of information in the inter- 
ests of the common defense and security, and (2) dissemination of 
information for peaceful or general welfare purposes. The key pro- 
visions of the act under consideration by this seminar are: 


CHAPTER 2. DEFINITIONS 


Sec. 11. Derrnrrions.—The intent of Congress in the definitions as given in this 
section should be construed from the words or phrases used in the definitions. 
As used in this act: 


. * s a * 7” * 


r. The term “Restricted data” means all data concerning (1) design, manu- 
facture, or utilization of atomic weapons; (2) the production of special nuclear 
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material; or (3) the use of special nuclear material in the production of energy, 
but shall not include data declassified or removed from the Restricted Data 
category pursuant to section 142. 


CHAPTER 12. CONTROL OF INFORMATION 


Sec. 141, PoLicy.—It shall be the policy of the Commission to control the dis- 
semination and declassification of restricted data in such a manner as to assure 
the common defense and security. Consistent with such policy, the Commission 
shall be guided by the following principles: 

a. Until effective and enforceable international safeguards against the use of 
atomic energy for destructive purposes have been established by an international 
arrangement, there shall be no exchange of restricted data with other nations 
except as authorized by section 144; and 

b. The dissemination of scientific and technical information relating to atomic 
energy should be permitted and encouraged so as to provide that free interchange 
of ideas and criticism which is essential to scientific and industrial progress and 
public understanding and to enlarge the fund of technical information. 

Sec. 142. CLASSIFICATION AND DECLASSIFICATION OF RESTRICTED DATA.— 

a. The Commission shall from time to time determine the data, within the 
definition of restricted data, which can be published without undue risk to the 
common defense and security and shall thereupon cause such data to be declas- 
sified and removed from the category of restricted data. 

b. The Commission shall maintain a continuous review of restricted data and 
of any classification guides issued for the guidance of those in the atomic energy 
program with respect to the areas of restricted data which have been declassified 
in order to determine which information may be declassified and removed from 


the category of Restricted Data without undue risk to the common defense and 
security. 

Note in these sections the divergent purposes heretofore mentioned 
of restricting the dissemination of information which is vital to the 
common defense and security, but at the same time of authori izing the 
dissemination of scientific and technical information in the interest 
of free interchange of ideas and criticism essential to scientific and 
industrial progress and public understanding and general welfare. 
Administrative control and determination of declassification generally 
is vested by the Congress with the Atomic Energy Commission under 
the policy ‘and standards prescribed. In so doing, it is to be presumed 
that Congress intended a constitutional act of delegation. In fact, the 
general rule is that ever y act of Congress will be construed, if Pisa 
to avoid 7 anne of constitutionality. N ow = v. Cooper (1868) 

6 Wall. 247, 251; U.S. v. Harris (1883) 106 U. S. 629, 635, ete. 

The next aches to note in the sections of the anand Energy Act 
are the policy and standards which Congress has provided in granting 
administrative control to the Atomic Energy Commission. The ques- 
tion which may be raised here is whether, in delegating power to 
implement the statute, Congress set up an “intelligent standard” to 
which administrative action must conform. See Sunshine Anthracite 
Coal Co. v. Adkins (1940) 310 U.S. 381, 398; U7. S. v. Rock Royal 
Cooperative (1939) 307 U. S. 533, 577. The Supreme Court in the 
past appears to have taken a generous view of what constitutes policy 
or standards. 

* * * Although it is said that “procedural sufeguards cannot validate an un- 
constitutional delegation,” the nature of the proceedings appears to be one of the 
elements weighed in determining whether a specific delegation is constitutional. 
In cases where the delegated power is exercised by orders directed to particular 
Persons after notice and hearing, with findings of fact and law based upon the 
record made in the hearing, the Court has ruled that such general terms as 


“public interest” “public convenience, interest, or necessity,” or “excessive 
profits,” were sufficient to satisfy constitutional requirements * * *. 
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The Constitution * * * (annotations to June 30, 1952), S. Doc. 170, 
82d Cong., p. 75, citing American Power and Light Co. v. 8. E. C. 
(1946), 399 V1. S$. 90, 107, 108; New York Central Seourities Corp. v 


U.S. (1932), 287 U.S. 12, 24; Fed. Radio Commission v. Nelson Bros, 
Bond and Mortgage Co. (1933), 289 U. S. 266, 285; V. B. C. v. U.S, 
(1948), 319 U. S. 190, 255; F. C. C. v. Pottsville Broadcasting Co. 

: 309 U. S. 134, 138; and Lichter v. U.S. (1948), 334 U. S. 749, 


(1940 
783. 
In connection with questions concerning the existence of facts war- 
ranting the retention by the Atomic Energy Commission of informa- 
tion in the classification of “Restricted data” to assure the common 
defense and security, consideration should be given the following 
principle as stated in U.S. v. Bush and Co. (1940), 310 U. S. 371, 380: 


* * * Tt has long been held that where Congress has authorized a public offi- 
cer to take some specified legislative action when in his judgment that action is 
necessary or appropriate to carry out the policy of Congress, the judgment of that 
officer as to the existence of the facts calling for that action is not subject to re 
view. Martin v. Mott, 12 Wheat. 19; Monongahela Bridge Oo. v. United States, 
216 U. S..177; Dakota Central Telephone Co. v. South Dakota, 250 U. 8S. 163: 
United States v. Chemical Foundation, Inc., 272 U. 8.1. As stated by Mr. Justice 
Story in Martin v. Mott, supra, pp. 31-32: “Whenever a statute gives a discre 
tionary power to any person, to be exercised by him upon his own opinion of cer- 
tain facts, it is a sound rule of construction that the statute constitutes him the 
sole and exclusive judge of the existence of those facts.” 


The foregoing principles suggest that it probably will be quite diff- 
cult to challenge effectively on legal grounds actions taken administra- 
tively pursuant to policy or the delegation found in sections 141 and 
142 of the act. The intent of Congress in establishing that policy and 
delegating the authority is succinctly stated in H. Rept. 2181 (p. 23) 
and S. Rept. 1699 (p. 23), 83d Cong., as follows: 


Section 141 sets forth the policies for dealing with restricted data; namely, 
that the Commission shall control the dissemination and classification of re- 
stricted data in such a manner as to assure the common defense and security; 
that the exchange of restricted data with other nations before enforcible inter- 
national safeguards against the use of atomic energy for destructive purposes 
have been established are forbidden except pursuant to agreements for cooper- 
ation under section 144; and that dissemination of technical information is to be 
encouraged so as to have the free interchange of ideas and criticism which is e8- 
sential to scientific and industrial progress and public understanding and to et- 
large the fund of technical information. 

Section 142 directs the Commission to declassify that information within the 
definition of restricted data that can be published without undue risk to the 
common defense and security. It also directs the Commission to make continuous 
reviews of restricted data and of classification guides so as to determine which 
information can be so declassified and published. That restricted data which 
the Commission and the Department of Defense jointly agree relate primarily to 
the utilization of atomic weapons, and which they jointly determine can be 
published without undue risk to the common defense and security, can be re 
moved from the classification of restricted data. The President is authorized to 
settle any disputes respecting such determinations. * * * [Emphasis supplied.] 


There is one other principle for consideration in connection with the 
development and release of data for peaceful purposes. 


* * * Congress has a substantive power to tax and appropriate for the general 
welfare, limited only by the requirement that it shall be exercised for the com- 
mon benefit as distinguished from some mere local purpose. If any doubt of this 
power remained, it was laid at rest * * * in Helwering v. Davis, 301 U. S. 619, 
640. Thus the power of Congress to promote the general welfare through large 
scale projects for reclamation, irrigation, or other internal improvements, is 
now as clear and ample as its power to accomplish the same results indirectly 
through resort to strained interpretation of the power over navigation. * * * 
(U. 8. v. Gerlach Oo. (1950), 339 U. S. 725, 738.) 
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SemMINAR AppEenpIx II 
SECURITY AND SECRECY 


Outline of comments by Frank McCune, vice president and general manager, 
Atomic Products Division, General Electric Co. 


1. We must all start from the premise that certain technical infor- 
mation because of its advanced nature and of its military significance 
should be kept secret in the interest of our national security. The 
problem is not whether any information should be kept secret but 
rather what information. 

2. In determining what information should be kept secret these are 
some factors to be considered : 

First, widespread secrecy in any major field of technology is basical- 
ly inconsistent with the free-enterprise system. This system depends 
on the free right of entry into a business. Limitations on the right to 
obtain information in effect limit the right of entry. If we are going 
to have private enterprise in the atomic-energy field with all that goes 
with it, including free right of entry and vigorous competition, we 
must have access to information for all those actually or potentially 
interested. 

Second, industrial development can proceed at a faster pace if there 
is a free interchange of ideas in the scientific and engineering com- 
munity. 

Third, there is no use trying to keep secret what your potential 
enemies already know. Such an attempt hurts this country and not 
the enemy. 

Fourth, a system of secrecy may well work more effectively on a 
selective basis. ‘The information which is of real importance may be 
more effectively safeguarded if the secrecy program is concentrated 
instead of being diffused over a wide area to include information of 
relatively little importance. 

Fifth, national security in a larger sense depends on maintaining a 
lead over potential enemies. Secrecy on a selective basis is one means 
of preserving that lead. However, secrecy gives at best only a tempo- 
rary advantage in a particular area. In the long run our basic 
strength depends on the strength of our industrial system and this 
system depends in turn on free access to information. 

3. As to a specific item of information, the question of whether it 
should be kept secret depends on military considerations which a pri- 
vate individual is not in a position to weigh. In specific cases these 
considerations may be of overriding importance. 

4. The situation at the present time represents a radical improve- 
ment over that which prevailed at the beginning of the year. The 
Commission is to be commended for the steps it has taken thus far. 

First, the access-permit program has provided a means by which 
business organizations have been able to obtain classified information. 
_ Second, the L-clearance program and the downgrading of some 
information from secret to confidential has been a help. 

Third, the declassification program has been making real progress. 
A considerable amount of material was made available in connection 
with the Geneva Conference and more is being made available. 
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Fourth, the recent general authorization granted by AEC to engage 
in unclassified activities abroad is a helpful and courageous forward 
step. 

5. If you read the recent paper by Mr. Luke, Director of the AEC’s 
Division of Classification, before the Atomic Industrial Forum you 
will find that the declassification process requires a number of pro- 
cedural steps and you will also find that there is a very large number 
of documents already in existence which must be reviewed. Moreover, 
more documents are being produced and classified every day. The 
workload facing the Division of Classification is characterized by Mr. 
Luke as “tremendous.” 

It seems to me that this workload could be dealt with more effec- 
tively in three ways: 

First, the number of people engaged in this activity might be 
increased. _ 

Second, the AEC might review its procedures to see if more author- 
ity could be delegated. I do not know enough about its procedrres to 
have an opinion on this. 

Third, ways and means of simplifying and expediting the declassi- 
fication and downgrading activity should be explored by the Com- 
mission. One possibility which might be worth consideration is to 
declassify by general rule or broad category rather than on a docv- 
ment-by-document basis. 

The Commission now treats some information as “declassifiable” as 
distinct from “unclassified.” There is a great deal of uncertainty as 
to what declassifiable means, but at minimum it seems to mean that 
declassifiable information in a document which was previously classi- 
fied “confidential” or “secret” under the old rules cannot now be pub- 


lished without further administrative action. The possibility of treat- 
ing some or all of this declassifiable information as unclassified might 
be explored. This would greatly simplify the Commission’s adminis- 
trative burden. There may be good reasons why this cannot be done 
but I believe the idea is worth considering. 


EFFECT OF CLASSIFICATION AND SECRECY ON THE PEACEFUL USES OF 
Atomic ENERGY 
Karl Cohen, consultant 

I my opinion secrecy and classification present, and of necessity 
will continue to present, obstacles to the commercial development of 
atomic energy. However, to get a balanced picture one must consider 
simultaneously the effect of the commercial development of atomic 
energy on secrecy and classification. Here we run into similar dis- 
comfitures, because the necessity of declassification in some areas, and 
the establishment of commercial relationships with foreign countries, 
tend to undermine the secrecy of related classified information. 

It is important to frustrate potential enemies by secrecy, just as it 
is important to promote the peaceful development of atomic energy. 
Unfortunately, these two interests are somewhat in conflict. The con- 
flict cannot be solved, or rather avoided, by compromising one legiti- 
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mate interest in favor of the other: we must somehow manage to recon- 
cile the two, or to establish a dynamic balance between them. 

Perhaps before taking on the ambitious task of discussing both 
ends of the relationship between peaceful atomic development and 
secrecy, I should mention my qualifications to do so. 

[am a veteran of that prewar group of scientists which voluntarily 
refrained from publishing on the uranium project; and I saw the 
irst security measures instituted by a then-skeptical Government. 
Since, I have observed and occasionally assisted in the development 
of our present classification system. I have seen secrets given away 
by public officials, Congressmen, and scientists who did not know they 
were doing so; and I have seen them given away unnecessarily by 
people who knew they were doing so for political reasons or out of 
vanity. I have had the dubious distinction of engaging in an argu- 
ment on classification with a member of the United Kingdom Clas- 
sification Board who was shortly revealed as a master spy. You may 
be interested to note that he was in favor of keeping the subject at 
issue secret. 

On the side of the peacetime uses of atomic energy, I went into 
business for this purpose 5 years before it was fashionable to do so. 
I campaigned vigorously for the recent revision of the Atomic Energy 
Act and was certainly one of the earliest public critics of the restric- 
tive features of the McMahon Act which prevented the development 
of civilian atomic power. This spring, in trips to France, Germany, 
and Brazil, as well as later in Geneva, I experienced at firsthand the 
embarrassments of an American businessman who is trying to sell a 
pig half in a poke and half out of it. 

I shall first make a catalog of the difficulties both to conducting 
business and to keeping secrets as I see them at the present time, and 
then advance some suggestions for a security program which will 
minimize both difficulties. 

1. There is a general sentiment that so much reactor material was 
declassified at Geneva that the reactor field is open to normal busi- 
ness. This is not entirely true: there are large areas of reactor tech- 
nology which are still secret (in the latest revisions more secret than 
before). There is a psychological block to using partial information : 
the feeling that something better is being withheld makes it difficult 
to invest money on what might be already obsolete. 

The people who are in on the secret have their own difficulties. One 
of the rules of declassification is that it is particular to a document, 
and a declassified document constitutes no authority to declassify a 
similar document. When Gunnar Randers complained ? that Ameri- 
can scientists wouldn’t talk freely outside of the Geneva Conference 
sessions, he was paying an unconscious tribute to the careful security 
training of the American delegation. Even logical inferences can be 
drawn only by outsiders. 

2. In the balance there is a competitive advantage in the use of 
declassified material if one has access to classified material. But ac- 
cess is a privilege and not a right, and so is based on standards dif- 
ferent from those of a free economy. Information, even if access is 
permitted, is given only on a need-to-know basis. For example, many 


*At the Washington, D. C., meeting of the Atomic Industrial Forum (September 1955). 
70101—56—vol. 2———-27 
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firms have no access to fusion technology, although it might con- 
ceivably put them out of business, and it raises serious questions about 
investing in fission reactor technology. Need-to-know is a planned 
economy approach: a free economy is based on men’s desires or aspira- 
tions rather than demonstrable needs. The automobile business is 
based, among other things, on my right to buy an automobile twice 
as big as some people might think I need. The need-to-know basis 
applied to the purchase of an automobile would require me to fill out 
a form including the following information : 

(a) Size of family. 

(6) Income. 

(c) Garage facilities. 

(d) Estimated mileage requirements. 

3. Nevertheless the principles of compartmentation of information 
and need to know are essential to secrecy. It is a matter of everyday 
experience that the way to keep a secret is not to confide it unneces- 
sarily. Compartmentation limits the damage, and hence the risks of 
unauthorized disclosures. Without compartmentation each cleared 
individual would be potentially a walking mine of all kinds of secrets, 
the significance of which he might not even fully understand. The 
need for segregation or surveillance of cleared personnel would become 
acute, and the standards and costs of clearance would become imprac- 
tically high. 

4. While the distinction between “declassified” and “unclassified” is 
burdensome and occasionally leads to ridiculous situations where we 
appear to be secretive about what everybody else knows, it serves a 
useful purpose. A common error is to assume that someone with 
partial knowledge of a subject knows the rest. A good example of 
this is the nuclear properties of natural uranium. During the war 
the Germans had a good value of 3.3 barns for the thermal fission 
cross section, and estimated the number of neutrons per fission fairly 
well at 2.2. Their total cross section for thermal absorption in ura- 
nium, 6.2 barns, was adequate. However, their value for the thermal 
capture cross section of U-238 was 0.1 to 0.2 barns, which is low by a 
factor of 15 or more. Thus they had an unknown cross section of 2.8 
barns (=6.2—3.3—0.1) to account for, and it was initially attributed 
to impurities in the uranium metal. If the impurities could be re- 
moved, it would be easy to make a chain-reacting assembly. Only 
small amounts of uranium and moderator would be needed. Perhaps 
this error in a basic constant was as responsible for the German 
failure to plan on a large scale, as the inefficiency of the Nazi scien- 
tific direction to which it is usually attributed. Yet it would be all 
too easy to presume that having most of the constants right, the cap- 
ture cross section of U-238 was also known. 

5. There are few things more fragile than secrets if there is exten- 
sive contact with people from whom the secret is to be withheld, 
i learned in Europe that astute observers had drawn conclusions about 
our experience with the gaseous diffusion process from the smug 
attitude and half smiles of Americans when the subject was raised. 

6. The problem of secrecy in the peaceful uses of atomic energy 
arises because both the raw material and the product of nuclear 
fission reactions are potentially weapons. Civilian nuclear power 
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and the production of nuclear explosives are tangled together: the 
knowledge of making one and the other is basically the same. It is 
only when we look at the detailed technology that we begin to discern 
differences. 

In our present Pu production reactors, we operate at low tempera- 
tures and irradiate fuel for short times, while gow er reactors need 
high temperatures and often aim for long irradiation times. This 
permits the separation of certain phases of production reactor tech- 
nology (say fuel element metallurgy) from power reactor technology. 
There are also differences between small high performance, or spec “ial 
purpose reactors, for military use and current designs for large 
stationary power reactors (for example, the shielding techniques). 
But these differences are not fundamental, and as the technology pro- 
gresses the boundaries between production, military, and power reac- 
tors will be harder and harder to draw. 

So our secrecy on military and production reactors will be continu- 
ally encroached upon by disclosures necessary to promote civilian 
power reactors. Our classification policy will approach that of the 
aircraft industry: it will be a delaying action, where we keep secret 
only our latest models, and our models in development, but do not try 
to freeze entire categories of technology. We would keep secret in 
~ first instance our intentions and policy. 

. Let us look more closely at the difference between technological 
sec cot and policy secrets. A technological secret is a piece of natural 
information which is nonroutine or difficult of access (for example, a 
cross section of an artificially produced element) but which could be 
discovered by anybody given enough time and equipment. <A policy 
secret is a conclusion, tees or intention which is drawn from a large 
number of facts, some but rarely all of which may be secret. A deci- 
sion to increase effort on a specific project, which responds to an 
actual or potential need, takes into account available resources in man- 
power and materials, and depends on an evaluation of newly discov- 
ered scientific data, would be a typical policy secret. Policy secrets, 
being human decisions and not facts of nature, can be kept indefinitely 
and are only disclosed gradually as the policy is carried out. Policy 
secrets are more valuable than technological ones, for they are the 
distillate of our technology and experience. 

8. In industrial development work, technological secrets circulate 
fairly freely : A time lag in the propagation of information to business 
rivals is about all that can be hoped for. But policy decisions are 
compartmentalized, since each company forms its own conclusions and 
does not usually exchange them with its competitors. 

Under the present predominantly governmental atomic energy 
regime, the technology is compartmentalized, while policy matters are 
widely ‘discussed, both inside the AEC family and in public. Exam- 
ples are President Truman’s announcement of the decision to make 
H-bombs; publication of power ratings of the Ohio Valley diffusion 
plants; budget reports ; and soon. This may be necessary for demo- 
cratic government but it compromises the most valuable type of secret. 

If atomic- -power development becomes predominantly commercial 
it might be possible to upgrade policy secrets as a compensation for a 
down grading of technological secrets. 
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9, Implicit i in the terms of reference of the panel is the question, 
Is legislative action needed ? 

The AEC is moving to declassify or downgrade for commercial 
use a great deal of reactor technology, as rapidly as its limited person- 
nel, the restrictions of the Atomic E nergy Act, and certain interna- 
tional obligations permit. Accor ding to the analysis presented above, 
ultimately all secrets in reactor tec hnology will have a niilitary (i. e., 
policy) rather than an atomic energy (i. e., technology) classification 
stamp. But it would be unwise to acc omplish this abr uptly by legis. 
lative order. The AEC understands the problem, and I would be 
reluctant to remove it from AEC jurisdiction. 

Possibly some expression by Congress on the present trend of the 
AEC classification policy would be helpful. 

The recognition by the AEC of proprietary information in the 
atomic-energy field would be a step toward establishing compart- 
mentation of policy secrets. This leads us from an unexpected quarter 
into a consideration of the patent clauses of the 1954 act and their 
application. But a discussion of these subjects is out of place here. 


CLASSIFICATION AND SECURITY IN THE FIELD oF NucLEAR ENERGY 
Ralph Carlisle Smith 
I. GENERAL 


The subjects of classification and security, although definitely re- 
lated, have independent stature. For the purposes of this discus- 
sion, ‘classification will be considered to refer to the determination as 
to whether or not information is such that its publication will ad- 
versely affect the national defense. Security is to be taken as the tech- 
niques for the protection of information that has been determined to 
affect the national defense and security if it is made publicly avail- 
able. The former subject is a technical matter requiring a determi- 
nation by those who understand the information and its significance 
to the progress of science and technology in this country, and in for- 
eign countries. Security is a specialized field involving techniques for 
preventing the public dissemination of classified information. There 
is a small field of classification directly related to security, namely, 
the withholding of information relating to the physical safeguards 
that are used to protect installations doing classified work. The pro- 
cedure for security clearance of personnel i is not considered pertinent 
to this discussion. 

Although the two subjects are independent, there is a sufficient inter- 
relation to require a study of their joint impact on the development 
of nuclear energy. 

The basis for both subjects is to be found in the Atomic Energy 
Act of 1954, and in the United States Code, article 18, partic ~ularly 
sections 793-797. There are other laws administered by security per- 
sonnel, but they will not be discussed because it is believed that they 
add nothing to the basic philosophy. 
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II. CLASSIFICATION 


A. SOURCES AND PHILOSOPHY 


For the purposes of this discussion, it will be presumed that the 
pertinent acts of Congress, with the objectives given therein, represent 
a decision by the American public that some technical information 
is to be withheld from public dissemination. The Constitution has 
bases for control of information affecting the national defense, par- 
ticularly in article I, section 8: 


The Congress shall have power to * * * provide for the common defense * * *. 

The Atomic Energy Act of 1954 has several provisions pertinent 
to the withholding of certain scientific information. Some of these 
are: 

Section 1, DecLaraTion.—Atomic energy is capable of application for * * * 
military purposes. It is therefore declared to be the policy of the Unted States 
that— 

a. the development, use, and control of atomic energy shall be * * * 
subject at all times to the paramount objective of making the maximum 
contribution to the common defense and security; and 

b. the development, use, and control of atomic energy shall be directed 
so as to promote world peace * * *, 

Sec. 2. Finpines.—The: Congress of the United States hereby makes the 
following findings concerning the development, use, and control of atomic energy : 

a. The development, utilization, and control of atomic energy for military 
and for all other purposes are vital to the common defense and security. 

b. In permitting the property of the United States to be used by others, 
such use must be regulated in the national interest and in order to provide 
for the common defense and security * * *, 

e. Source and special nuclear material, production facilities, and utiliza- 
tion facilities are affected with the public interest, and regulation by the 
United States of the production and utilization of atomic energy and of the 
facilities used in connection therewith is necessary in the national interest to 
assure the common defense and security * * *. 

g. Funds of the United States may be provided for the development and 
use of atomic energy under conditions which will provide for the common 
defense and security * * *. 

h. It is essential to the common defense and security that title to all 
special nuclear material be in the United States while such special nuclear 
material is within the United States. 

Sec. 3. Purpose.—It is the purpose of this Act to effectuate the policies set 
forth above by providing for— 

b. a program for the * * * control, dissemination, and declassification of 
“Restricted Data,” subject to appropriate safeguards * * *; 

c. a program for Government control of the possession, use, and produc- 
tion of atomic energy and special nuclear material so directed as to make 
the maximum contribution to the common defense and security * * *; 

e. a program of international cooperation to promote the common defense 
and security * * * as widely as * * * considerations of the common defense 
and security will permit; and 

f. a program of administration which will be consistent with the fore- 
going policies and programs * * *, which will enable the Congress to be 
currently informed * * *, 

Sec. 11. DEFINITIONS.—* * * As used in this Act: 

h. The term “defense information” means any information in any category 
determined by any Government agency authorized to classify information, 
as being information respecting, relating to, or affecting the national defense. 

r. The term “Restricted Data” means all data concerning (1) design, man- 
ufacture, or utilization of atomic weapons; (2) the production of special nu- 
clear material; or (3) the use of special nuclear material in the production 
of energy, but shall not include data declassified or removed from Restricted 
Data category * * *., 
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Sec. 27. Mrrrrary Liaison CoMMiIttTee.—There is hereby established a Military 
Liaison Committee * * *, The Commission shall advise and consult with the 
Department of Defense through the Committee, on all atomic energy matters 
which the Department of Defense deems to relate to military applications of 
atomic weapons or atomic energy including * * * the control of information 
relating to the manufacture or utilization of atomic weapons * * *, 

Sec. 141. Potticy.—It shall be the policy of the Commission to control the dis- 
semination and declassification of Restricted Data in such a manner as to assure 
the common defense and security. Consistent with such policy, the Commission 
shall be guided by the following principles : 

a. Until effective and enforceable international safeguards against the 
use of atomic energy for destructive purposes have been established by an 
international arrangement, there shall be no exchange of Restricted Data 
with other nations except as authorized * * *. 

Sec. 142. CLASSIFICATION AND DECLASSIFICATION OF RESTRICTED DatTa.— 

b. The Commission shall maintain a continuous review of Restricted Data 
and of any Classification Guides issued for the guidance of those in the 
atomic energy program * * *, 

Sec. 161. GENERAL Provisions.—In the performance of its functions the Com- 
mission is authorized to— 

i. prescribe such regulations or orders as it may deem necessary (1) to 
protect Restricted Data received by any person in connection with any 
activity authorized pursuant to this Act, (2) to guard against the loss or 
diversion of any special nuclear material acquired by any person * * * or 
produced by any person in connection with any activity authorized pur- 
suant to this Act, and to prevent any use or disposition thereof which the 
Commission may determine to be inimical to the common defense and 
security, * * *. 


In the executive administration of the Atomic Energy Act of 1954 
and United States Code, article 18, there have been issued executive 
orders, particularly Executive Order 10501, as well as agency regula- 
tions, particularly by the Department of Defense and the Atomic 
Energy Commission. 

Executive Order 10501, on Safeguarding Official Information in 
the Interests of the Defense of the United States, states among its 
opening premises: 


Whereas the interests of national defense require the preservation of the 
ability of the United States to protect and defend itself against all hostile or 
destructive action by covert or overt means, including espionage as well as mili- 
tary action ; and 

Whereas it is essential that certain official information affecting the national 
defense be protected uniformly against unauthorized disclosure: Now, there- 
fore, * * * it is hereby ordered as follows: 

SECTION 1. CLASSIFICATION CATEGORIES. Official information which requires 
protection in the interests of national defense shall be limited to three cate- 
gories of classification, which in descending order of importance shall carry one 
of the following designations: Top Secret, Secret, or Confidential. No other 
designation shall be used to classify defense information, including military in- 
formation, as requiring protection in the interests of national defense, except 
as expressly provided by statute. These categories are defined as follows: 

(a) Top sEcRET. Except as may be expressly provided by statute, the use 
of the classification Top Secret shall be authorized, by appropriate authority, 
only for defense information or material which requires the highest degree 
of protection. The Top Secret classification shall be applied only to that 
information or material the defense aspect of which is paramount, and the 
unauthorized disclosure of which could result in exceptionally grave damage 
to the Nation such as leading to a definite break in diplomatic relations 
affecting the defense of the United States, an armed attack against the 
United States or its allies, a war, or the compromise of military or defense 
plans, or intelligence operations, or scientific or technological developments 
vital to the national defense. 

(b) Secret. Except as may be expressly provided by statute, the use of 
the classification Secret shall be authorized, by appropriate authority, only 
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for defense information or material the unauthorized disclosure of which 
could result in serious damage to the Nation, such as by jeopardizing the 
international relations of the United States, endangering the effectiveness of 
a program or policy of vital importance to the national defense, or compro 
mising important military or defense plans, scientific or technological devel- 
opments important to national defense, or information revealing important 
intelligence operations. 

(c) CONFIDENTIAL. Except as may be expressly provided by statute, the 
use of the classification Confidential shall be authorized, by appropriate 
authority, only for defense information or material the unauthorized dis- 
closure of which could be prejudicial to the defense interests of the Nation. 


The Atomic Energy Commission in its manual, chapter 3404, Policy 
for Control of Information, states, inter alia: 
9 9 


021 * * * In fulfillment of the law, the Commission has determined that 
information should be controlled by: 

a. Withholding from those whose objectives may be inimical to the inter- 
ests of the United States, information which could be used to the detriment 
of our own security * * *, 

032 Information provided to foreign countries may impair our common 
defense and security as follows 

a. The information may ‘lend support to a rival atomic energy program, 
and 

b. The information might be used by inimical interests to reduce the 
effectiveness of our own atomic energy operations, through sabotage, by 
devising countermeasures, ete. 

033 It is often very difficult to assess any given piece of information. One 
important factor is an understanding of the pertinence of the particular informa- 
tion to the objectives of the overall program of the AEC. Key personnel located 
in the different areas can provide assistance in obtaining such an understanding 
of the many specialized aspects of the program. Such personnel also know the 
greatest hurdles encountered in their development. 

In assessing information, factors of a nontechnical nature may also arise, 
such as matters related to military operations, civil defense, or international 
relations. 

041 General Objectives. The prime objective of secrecy should be to reduce to 
a minimum the number, efficiency, and effectiveness, of the atomic weapons in 
the arsenals of nations whose interests are inimical to the United States. The 
production of fissionable materials and the techniques of weapon development, 
production, and use are related to this prime objective. A second objective of 
secrecy is to avoid giving information which would accelerate the application of 
atomic power for industrial or military purposes by inimical interests. 


In the field of nuclear energy there have been numerous statements, 
including those aforementioned, as to the reasons for classifying infor- 
mation, Such specific reasons ‘have not been itemized in any single 
document and in many cases have been given solely for the c Jassifica- 
tion of specific items ‘of information. In general, classification and 
associated security precautions relate to withholding of classified in- 
formation from public dissemination, physical protection, and the 
prevention of the subversion of workers on programs essential to the 
national defense. More specifically, at least most of the reasons given 
might be restated to include: 


Control of information 
(a) To prevent foreign nations from improving their military 
potential relative to that of the United States (this is said to include 
the production of fissionable materials) ; 
(6) To prevent foreign nations from developing and using, or 
threatening the use of, destructive techniques, developed in this 
country, on the United States or its allies ; 
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(c) To prevent foreign nations from developing countermeasures to 
our military devices; 

(d) To require foreign nations to expend money and manpower to 
acquire the same information dev eloped in this country at a substan- 
tial cost in both fields; 

(e) To prevent foreign nations from knowing our position, usually 
military, whether weaker or stronger than commonly supposed ; 

(f) To provide a system for controlled access to information con- 
sidered of significance to the national defense so that leaks to foreign 
nations (espionage) will be minimized ; 

(7) To prov ide a class of information to be used in exchange with 
foreign nations for related information within their control but not 
available to us; 

(h) To prevent foreign nations from knowing the techniques used 
or usable by this Nation for covert observation of foreign nations’ 
operations (such techniques might also be used by foreign nations to 
observe covertly the classified activities of this Nation) ; 

(¢) To prevent untimely publication of information which would 
embarrass the United States in foreign affairs; 

(7) To prevent. the publication of a series of items of infor mation, 

each apparently innocuous but as a collection considered to give an 
overall picture that might be classified for one of the above reasons; 
and 

(k) To avoid discouraging private investment in programs of inter- 
est to the Government by revelation of work in newer fields that some 
day might reduce the significance of said earlier programs. 


2. Physical protection 


(a) To protect physical installations against sabotage or attack 
by avoiding publication of the location of classified work and the 
security safegu: irds employed; and 

(6) To provide a system for limiting access to those who are cleared 
and have a need to know the category of classified information, thus 
reducing the potential of sabotage. 

. Minimization of subversion 


(a) To provide asystem for limiting access to those who are cleared 
and who have a need to know so that subversion of such personnel by 
undesirable elements will be minimized. 


B. REASONS FOR RELEASE OF INFORMATION 


There are reasons why most technical information in this country 
is not classified. Some of these are stated in the Constitution of the 
United States, the acts of Congress, Executive orders, and executive 
agency documents. The most obvious ones in the Constitution of the 
United States are in article I, section 8: “The Congress shall have 
power to * * * provide for the general welfare * * * and in the 
first amendment, “Congress shall make no law * * * abridging the 
freedom of speech, or of the press * * *.” Executive Order 40501 in 
its opening phrasing says, “Whereas it is essential that the citizens 
of the United States be informed conc erning the activities of their 
Government * * *” and, in section 3 states, “unnecessary classifica- 
tion and overclassification shall be scrupulously avoided,” and in sec- 
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tion 18 gives this responsibility to certain personnel “who shall conduct 
a continuing review * * * to insure that no information is with- 
held * * * which the people of the United States have a right to 
know *: 9 9" 

The Atomic Energy Act has numerous provisions on this point of 
release of information. Among them are: 


SEcTION 1. DECLARATION.—Atomic energy is capable of application for peace- 
ful * * * purposes. It is therefore declared to be the policy of the United 
States that— 

a. the development, use and control of atomic energy shall be directed so 
as to make the maximum contribution to the general welfare * * *; 

b. the development, use, and control of atomic energy shall be directed so 
as to * * * improve the general welfare, increase the standard of living, 
and strengthen free competition in private enterprise. 

Sec. 3. Purpose.—It is the purpose of this Act to effectuate the policies set 
forth above by providing for— 

a. a program of conducting, assisting, and fostering research and develop- 
ment in order to encourage maximum scientific and industrial progress; 

b. a program for the dissemination of unclassified scientific and technical 
information and for the control, dissemination, and declassification of re- 
stricted data, * * * so as to encourage scientific and industrial progress; 

d. a program to encourage widespread participation in the development 
and utilization of atomic energy for peaceful purposes * * *; 

e. a program of international cooperation * * * to make available to 
cooperating nations the benefits of peaceful applications of atomic en- 
ergy * * s. 

Sec. 31. RESEARCH ASSISTANCE.— 

a. The Commission is directed to exercise its powers in such manner as 
to insure the continued conduct of research and development activities * * * 

b. The Commission may (1) make arrangements pursuant to this sec- 
tion, * * * 

c. * * * No such arrangement shall contain any provisions or condition. 
which prevent the dissemination of scientific or technical information, ex- 
cept to the extent such dissemination is prohibited by law. 

Sec. 141. Poricy.—* * * the Commission shall be guided by the following 
principles: 

b. The dissemination of scientific and technical information relating to 
atomic energy should be permitted and encouraged so as to provide that free 
interchange of ideas and criticism which is essential to scientific and indus- 
trial progress and public understanding and to enlarge the fund of technical 
information. 

Sec. 142. CLASSIFICATION AND DECLASSIFICATION OF RESTRICTED DAaTa.— 

a. The Commission shall from time to time determine the data, within the 
definition of restricted data, which can be published without undue risk * * * 
and shall thereupon cause such data to be declassified and removed from the 
category of restricted data. 

b. The Commission shall maintain a continuous review of restricted data 
and of any classification guides * * * in order to determine which in- 
formation may be declassified and removed from the category of restricted 
data * * * 

ce. In the case of restricted data which the Commission and the Department 
of Defense jointly determine to relate primarily to the military utilization 
of atomic weapons, the determination that such data may be published 
without constituting an unreasonable risk to the common defense and 
security shall be made by the Commission and the Department of Defense 
jointly, and if the Commission and the Department of Defense do not 
agree, the determination shall be made by the President. 

Sec. 146. GENERAL PRovisions,— 

b. The Commission shall have no power to control or restrict the dis- 
semination of information other than as granted by this or any other law. 


The Atomic Energy Commission has implemented the congressional 
and executive policies ane soe eee policy statements: 
In the basic Declassification Guide, OC DOC-35, there is a pro- 


Vision : 
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The basic aim of declassification policy is to achieve a balance between giving 
the minimum assistance to unfriendly nations and the maximum assistance to 
the development of scientific and peaceful applications in the United Kingdom, 
United States, Canada, and nations friendly to them. 


In Manual Chapter 3404, there are other provisions: 


021 MEANS OF CONTROLLING INFORMATION. In fulfillment of the law, the 
Commission has determined that information should be controlled by: 

b. providing information necessary for vigorous and efficient atomic 
energy and related programs in the United States, in a manner consistent 
with democratic traditions. 

023 RECOGNITION OF THE BENEFITS OF FREE DISSEMINATION. The important 
long-term assets of the United States in the field of atomic energy as in other 
fields are the experience and productive capacity of industry, the knowledge 
and enthusiasm of scientists, and the progress achieved in all technical fields. 
Many of these assets lie outside the AEC and depend largely upon the free access 
to information. 

034 Benefits to the United States resulting from the controlled distribution 
of classified information, and from the declassification and publication of other 
information may involve more than merely accelerating progress on specific tech- 
nical problems. They may well involve acceleration of construction and develop- 
ment programs, improving administrative efficiency, reducing costs, and the 
attraction of a greater number of able scientists and engineers to the different 
programs. Outside of the AEC these benefits may appear in the form of the 
stimulation of technological development in industry, the education of the public 
on matters of atomic defense, and the increased effectiveness of the armed 
services in planning, training, and in operations. Probably one of the most 
important benefits to be realized is the stimulation and encouragement of 
scientific research throughout the Nation. 

035 Consideration should also be given to information which is known to 
rival programs in arriving at decisions relative to the declassification of 
information. 

042 PARTICULAR APPLICATIONS. Insofar as control of information may affect 
progress: 

a. WITH RESPECT TO WEAPONS.—Retarding the progress of inimical nations. 
in these activities is to be regarded as generally more important than 
advancing our own progress. 

b. WITH RESPECT TO FISSIONABLE MATERIAL.—Retarding the progress of 
inimical nations is not to be regarded as generally more important than 
advancing our own progress. 

ec. WITH RESPECT TO THE DEVELOPMENT OF NUCLEAR POWER.—It must be 
acknowledged that other nations possess information which would enable 
them to supply atomic power to industrial or military uses. Much informa- 
tion pertinent to the use of power is also of importance in connection with 
weapons or the production of fissionable materials, and in such cases the 
prime objective mentioned above must also be considered. Other fields of 
information exist, however, and more will doubtless develop, which will be 
of only peripheral interest to weapons or to the production of fissionable 
materials and which will pertain primarily to the utilization of power. 
Such information is likely to be of high value both to industry and to 
»rogress in the atomic-energy program. In the field of atomic power, there- 
fore, to a greater extent than in that of the production of fissionable material, 
the value to ourselves of dissemination of information acquires an increased 
value as compared to the risk of disclosure to rivals. 

d. WITH RESPECT TO NUCLEAR AND ALLIED SCIENCES.—In order to promote 
scientific progress which requires a free interchange of ideas and of criti- 
cisms, basic scientific information should not generally be classified. How- 
ever, in making the decision that such information should be considered 
as unclassified or be declassified, the determination should be made that 
the information is not of substantial importance in its practical application 
to fissionable materials production, to atomic weapons, or to military 
reactors. 


References have been made out of context to the Atomic Energy 
Act, Executive Order 10501, AEC Manual Part 3400, and the AEC 
Declassification Guide OC DOC-35. For a proper picture, these 
documents should be read in their entirety. 
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The reasons for not withholding technical information, implicit in 
the acts of Congress, Executive orders, and implementing directives, 
might therefore be summarized as follows: 

1. To permit an individual to express and pursue scientific thoughts, 
especially his own scientific ideas ; 

2. To permit all citizens to know substantially all activities of their 
(government and to express an opinion thereon ; 

3. To permit the application of scientific developments to other 
applications not contemplated in the original development ; 

4. To take advantage of the entire scientific and technical capacity 
of the Nation whether or not under Government contract, thereby 
expediting the development of nuclear energy for all purposes; 

5. To disseminate widely all scientific and technical developments 
to avoid domestic duplication, expensive in money and manpower; 

6. To reduce costly physical-security practices; 

7. To avoid distraction of the attention of critical manpower from 
their primary mission by involved and time-consuming procedures; 

8. To provide information for the civilian population to take meas- 
ures to protect itself against attack by an antagonistic nation using 
techniques and devices similar to those developed for offense by this 
Nation; and 

9. To minimize the number of people requiring expensive clearance. 
(Once cleared, there is also the need to control an individual’s access 
to classified information. ) 


C. COMPARISON OF NUCLEAR RESEARCH WITH OTHER FIELDS OF TECH NOLOGY 


Some of the foregoing comments are clearly limited to classification 
of military matters; others are so stated as to relate to nonmilitary 
applications; and some of the reasons given for control of information 
raise a definite question as to whether or not they relate to national 
defense and security. Although some fields of science and technology 
are clearly military in significance and others are clearly civilian in 
primary purpose, there is considerable technical information that falls 
into both categories. Furthermore, in time of conflict substantially 
all necessities of life (as distinguished from pure luxuries) are of 
significance from a military standpoint. The degree of significance 
varies; therefore, before one attempts to categorize information of 
military significance in nuclear energy, it is Important to consider 
the categorization of all scientific information. To illustrate, a major 
aspect of a military operation is the recovery of military personnel who 
have become injured or sick. Therefore, unless one is careful in 
declaring scientific information as of military significance, one might 
find that advances in medicine and surgery, such as the development 
of antibiotics, quinine replacements, and polio vaccines, involve infor- 
mation or material vitally affecting the national defense and are there- 
fore secret. Similarly, techniques for the preservation of food or 
the increased production of food through agricultural techniques are 
of significance to the armed forces of a beseiged nation, and might 
therefore be classified as affecting the national defense and security. 
There is no doubt that airplanes are a major military item; hence, 
improvements in their development having peacetime applications 
might be considered classified in the interest of national defense. 
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There is a similar parallel between nuclear energy for propulsion of 
military craft and nuclear energy for propulsion of corresponding 
civilian transportation means. One could itemize many technological 
developments in a similar vein, including just about every field of 
science and technology. 

This is not merely an abstract consideration when one considers what 
items presumably relating to the national defense fall under export 
control and under the Department of Commerce regulations on tech- 
nological information requiring an export license (see Federal Reg- 
ister for Friday, December 31, 1954, p. 9384 et seq., as amended by 
Federal Register for April 28, 1955, p. 2853 et seq.). 

Although the destructive force of explosively released nuclear 
energy is different in kind rather than degree from conventional ex- 
plosives, one cannot ignore the horrors of biological warfare and 
chemical warfare, or the destructive nature of so-called conventional 
explosives when delivered massively. Furthermore, a nuclear weapon 
in the possession of a nation is of little significance unless it can be 
delivered against an aggressor nation. Consequently, all delivery 
techniques should be of equal military significance and therefore might 
require the same security classification and safeguards. 

It should seem clear, therefore, that if nuclear energy has substantial 
peacetime applications, the problem of classification criteria, because 
of military significance, is essentially no different from the general 
problem of classification of.other scientific information that has both 
military and peacetime applications. It is true that only in the field 
of nuclear energy has Congress set specific standards for classification. 


It is believed, however, that these standards do not prevent the use of 
the parallel. 


D. REANALYSIS OF REASONS FOR CLASSIFICATION 


One might review briefly the reasons given for classification of 
scientific and technological information. The basic test would seem 
to be that if the information relates primarily to weapon aspects then 
that information should be classified usually at a secret level although 
details might be held at a lower level. If the information relates pri- 
marily to peacetime applications even though similar military uses are 
feasible, then the information should presumptively, though not 
always, be unclassified. Where the situation is not readily resolvable, 
the information should be at least for a while classified, probably at a 
confidential level although higher gradings might be used for specific 
items such as production of fissionable material. 

The Commission standards in AEC manual chapter 3404-042, cited 
hereinbefore, seem consistent with this general test. 

Nuclear weapons should, of course, be classified, but basic scientific 
information relating to phases of the development should be carefully 
weighed according to the basic test, much as is done with other fields of 
technology, such as aircraft, explosives, and metallurgy. 

The argument of cost in manpower, money, and equipment time 
applies to all scientific and technological information whether pres- 
ently classified or unclassified. Years of research by large numbers 
of specially trained men with the expenditure of large sums of money 
are not unique to nuclear energy and are applicable in other major 
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fields, such as medicine, metallurgy, oil and gas production, synthetic- 
rubber developments, and aircraft manufacture. Furthermore, one is 
always faced with the counterarguments that classification withholds 
the information from many other American users and prevents ad 
vance in other fields or requires the waste of manpower and money in 
this country. This reason might be a deciding factor in a case that is 
doubtful for other reasons but should not be determining of itself. 

If a new development will truly antiquate earlier work, it is unfair 
to the American public to require it to invest in the antiquated pro- 
cedures. If the new development is so far in the future that even 
when completed it will not dieldes, but only Supplement, the earlier 
practice, the American public should be intelligent enough to under- 
stand that when explained by competent authority. On the other 
hand, if the ultimate significance of a new development cannot be 
evaluated accurately at the present time, then possibly it is the re 
sponsibility of the Government to prevent unnecessary loss to por- 
tions of the public when they are acting in the overall interest of the 
Nation. This is not a reason of itself to classify information. Fur- 
thermore, by withholding information on newer developments for 
this reason alone, the newer developments might not receive the full 
attention required for their expeditious fruition. 

It would appear that the classification of information to reserve it 
for negotiation with foreign countries is not of exclusive application 
to nuclear energy, inasmuch as nations operating behind closed 
borders and similar barriers have information of military significance 
in other fields. Such arguments are contrary to the beneficial factors 
favoring declassification and wide dissemination for general progress. 

Incidentally, the protection obtained by classification might easily 
be overemphasized in certain fields. When classification of location 
of work is applied to an installation as a whole rather than to specific 
parts thereof, it is almost useless. Such information is usually readily 
obtainable from congressional hearings, particularly on the budget. 
and from the physical location of certain classes of personnel, for 
example, by checking an unclassified phone book for a technical in- 
stallation against American Men of Science, the several Who’s Who’s, 
and similar directories. 

On the classification of relative progress of this country, political 
debate nearly always releases the information. In any event, a two- 
edged sword is involved when one attempts to keep foreign nations in 
the dark on the relative position of this country. Not only is a foreign 
nation kept in the dark by the classification of information, but also 
the American public, and in some cases its elected representatives. If 
this Nation is actually weaker than the common belief, it might be 
necessary for measures to be taken other than those presently being 
considered. If the Nation is stronger than is commonly supposed, 
it is unlikely that the information will be retained in security classi- 
fication because of the benefit in preventing an antagonistic nation 
from becoming overconfident. Many wasteful practices might be 
abandoned if the country were aware of its strength. Classification of 
progress is valid on military programs but must be carefully applied. 
Furthermore, consideration must be given to the ability of foreign 
scientists to develop similar or related techniques or equipment, or to 
make the same discoveries or measurements. 
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E. CLASSIFICATION AND DECLASSIFICATION IN THE ATOMIC ENERGY 
COMMISSION 


In general, the declassification practices have provided a very satis- 
factory method for providing reasonable relief from the limitations 
of security procedures on much of the work of the Atomic Energy 
Commission. It is a merit of the AEC policy and procedure that even 
work on classified programs has been or may be divided into un- 
classified and classified phases. 

One of the major documents for this purpose is AEC Manual, 
chapter 3403, in which large areas of scientific information and work 
are declared to be open fields of research, that is, areas in which the 
information and work is considered unclassified from the start as 
distinguished from information and work that is originally graded 
as defense information but subject to formal declassification by the 
AEC. 

By that separation, portions of the program may be discussed with, 
or even subcontracted to, outside organizations which are not required 
to operate under the severe limitations of a security program. In 
particular, much basic work may be done in universities and research 
institutes under the guidance of senior academic personnel using the 
equipment, staff, and graduate students at these institutions. In this 
way the burden on the classified facilities of the AEC is reduced so 
that classified work can receive more concentrated attention. 

Similarly, it has been possible for the classified facilities to obtain 
the services of small and large industry through purchase orders and 
subcontracts without imposing the involved security procedures and 
the long delays involved in clearance of personnel. 

Recently the General Manager in a memorandum to the Operations 
Offices requested the close scrutiny of technical reports issued by the 
AEC facilities so that they may be issued at the lowest classification 
grading, preferably unclassified, even issuing the reports in several 
parts of different classification if this is feasible and necessary to ac- 
complish that aim. 

Of course, such a policy depends completely on reasonable classifica- 
tion and declassification guides. Generally speaking, such guides have 
been issued by the AEC based on the edvice of qualified scientists 
working for the private contractors to the Atomic Energy Commis- 
sion. The major group for providing that advice has been the Com- 
mittee of Senior Reviewers. In addition, other groups or individuals, 
such as the directors of the laboratories operating under AEC con- 
tract, and special advisory groups, for example, the Nuclear Cross 
Sections Advisory Group and the Nuclear Weapons Classification 
Subcommittee, provide sition directly to the classification authorities 
of the Atomic Energy Commission for the preparation of classifica- 
tion and declassification guides. 

The classification and declassification guides are amended and 
interpreted almost continuously, taking into consideration changes in 
the state of knowledge, including public information both in the 
United States and abroad as well as the work within classified facili- 
ties. 

Whenever a subject previously classified is declassified (any Gov- 
ernment regulations on downgrading or reduction of files to the 
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contrary), it is obviously impossible to review each and every letter, 
drawing, and memorandum accumulated in the files for the past 12 
or 13 years. However, many installations review the technical re- 
ports issued over that period to determine whether they can be 
declassified in whole or in substantial part. Current papers are, 
of course, graded in accordance with the current guides. 

The declassification procedure (set forth in detail in AEC Manual, 
ch. 3402) is also generally satisfactory in that the AEC appoints 
within a contractor group working on a particular phase of the AEC 
classified program a key contractor employee, Loaendinad ing organiza- 
tion director) to initiate review of documents for downgrading, and 
qualified scientists on the contractor staff (responsible reviewers) to 
review documents submitted for declassification and to recommend the 
action to be taken. Working with the classification and declassifica 
tion guides the contractors may initiate declassification of classified 
documents through the coordinating organization director, who sub 
mits, with a responsible reviewer’s recommendation, directly to the 
AEC classification organization the specific classified documents that 
are believed to be declassifiable under the declassification guide, OC 
DOC-35. Prompt decision by the AEC classification organization is 
usually obtained in nearly all cases on such recommendations. In 
the majority of the cases the recommendation of the contractor organ- 
ization representatives has been accepted by the Atomic Energy Com- 
mission. Questionable items are usually discussed with the senior 
reviewers before a decision is made. 


F. CRITICISMS OF CLASSIFICATION, SUPERFICIAL AND VALID 


In recent years there has been considerable criticism, some informed 
but most uninformed, of the United States Government for its policy 
of retaining certain information in classification. At the present time 
only a minor proportion of information of a basic nature or of a type 
that would help in industrial ees is being withheld. Most 


of this is in a category that is available to industrial participation. 
This does not mean that the situation has always been so or that access 
toa small amount is not rigidly limited. 

Probably those who first urged declassification of considerable scien- 
tific information and who have urged it for the longest period of time 
are the basic scientists. It is understandable and proper that the 
urging for declassification should start there. Scientists are usually 
associated with universities or research institutes where basic scientific 
discoveries (as opposed to applied scientific developments) are usually 
made. Universities operate in an atmosphere of free exchange of 
ideas and information and with the free movement of personnel be- 
tween laboratories. Academic personnel maintain their position in 
life through the conception and development of ideas with prompt 
publication and dissemination. Neither the academic personnel nor 
universities usually engage in industrial applications involving indus- 
trial secrecy. A scientist usually attains distinction through his ideas 
and his discoveries as publicly presented to others in the scientific 
fields. Publication in recognized journals is a vital part of his life. It 
is the basic scientist who is in the best position to judge the significance 
and value of hasic scientific ideas. He is aware of the obviousness of 
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a piece of information, or of the difficulty for someone else to conceive 
the same idea and to perform similar experiments. In view of the 
limited number of competent scientists and their short supply of equip- 
ment and materials, they are extremely critical of wasted effort. It 
is only by close cooperation within the scientific world and the cross- 
fertilization of ideas that the scientists are able to push forward the 
frontiers of knowledge. 

Intimately tied up with the thought that the scientist has ideas and 
basic discoveries as his major possession is the unfortunate occur- 
rence that he is oftentimes required to classify his work until an 
announcement is made by a Government official or the work is later 
redone and announced by someone else. Sometimes the information 
is leaked through informed sources and the discoverer is left with- 
out credit for his accomplishments except in the old files of a Gov- 
ernment contract. It is a problem to the extent that it is difficult 
to obtain scientists to work in classified programs. 

The scientific personnel and, in turn, the executives in education 
and research institutions have been the leaders in obtaining reason- 
able security and classification provisions in Government contracts 
and regulations. 

It is unfortunate that within that same group there have not been 
many individuals who have urged a reasonable classification policy 
in the applied sciences and technology, particularly when the public 
release of these fields was under attack during the passage of the 
Atomic Energy Act of 1954 as a giveaway of the nuclear-energy bene- 
fits. Possibly some of them felt that this was not their primary 
interest or that they had not received support in their program for 
release of basic scientific information from those interested in the 
applications of nuclear energy. 

More recently some businessmen have become critical of the classifi- 
cation in the nuclear energy program. They have charged the Gov- 
ernment with withholding valuable technological information so that 
the great giant of industry cannot operate within the free enterprise 
system, thus retarding the peaceful applications of nuclear energy and 
the development of foreign markets. As a matter of fact, the entire 
development of nuclear energy in this country has been almost exclu- 
sively the work of academic institutions and industry. Although 
the news media almost without exception credit the Armed Forces or 
the Atomic Energy Commission with all developments in the nuclear 
energy field, practically none have been made by Government em- 
ployees. Industry has been used by the Government since the start of 
the program. To name a few, the Du Pont Co. has been in charge of 
operations at Hanford and Savannah River. The General Electric 
Co. has been involved in the operations in Hanford and at Knolls 
Atomic Power Laboratory. Monsanto has been involved in the work 
at Oak Ridge and at Mound Laboratory. Carbide & Carbon 
has been responsible for the operations in Oak Ridge and Paducah. 
Westinghouse has been involved in the reactor field, including the 
Nautilus and the power reactor at Pittsburgh. A whole series of 
corporations have been involved in the operations at Idaho Falls, 
including Westinghouse and Phillips Petroleum. Tennessee Eastman 
has been involved in the operations at Oak Ridge. Western Electric 
Co. has been involved in the activities at Sandia Corp. at Albuquerque. 
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Not only have the large corporations been involved in the operations of 
the nuclear energy program but an even greater number of smaller 
corporations have taken part in phases of the development. It is in- 
teresting to note the recent advertisements in the national news media. 
For example, on page 3 of section 2 of the New York Herald Tribune 
for Sunday, August 7, 1955, an advertisement states, “General Electric 
offers its nuclear know-how for peaceful uses of atomic energy * * * 
General Electric has been in the atomic picture from the beginning.” 
Also in the same issue of the New York Herald Tribune, page 5, section 
2, Union Carbide & Carbon Corp. has an advertisement. setting forth 
the activities of that corporation as operating contractors for, or sup- 
pliers to, the Atomic Energy Commission. These are only examples, 
for there are many others. Industry was called in by the Federal 
Government from the beginning because of its great ability in the tech- 
nological application of science, and they have had access to most, if 
not all, of the pertinent phases of peacetime uses of nuclear energy (see, 
for example, the AEC standard distribution list for classified reports, 
early editions of M-3679). 

This does not mean that some valuable information for peacetime 
uses has not been withheld from public dissemination. On the other 
hand, it is not clear that industry as a whole has always strongly urged 
the declassification of such information. Possibly in the early postwar 
days there was insufficient info: mation of value to the industrial devel- 
opments of that period ; consequently, there might have been no reason 
to urge its general declassification. Furthermore, industry might 
have felt that it was already providing its great capacity to the devel- 
opment of nuclear energy, considering the stage of the development. 
Those who were not taking part might have felt that they were not 
interested in undertaking programs that would upset their organiza- 
tions by reason of the classification and security limitations. How- 
ever, aS soon as industrial applications appeared to be feasible, some 
businessmen have picked up the cudgels and have entered into the past- 
time of beating the Government representatives. 

It is unfortunate that industry did not recognize the fight that was 
being carried by the basic scientists in the earlier phases of the pro- 
gram. While the universities fought the involved security procedures 
for handling classified information that made it difficult and, in some 
cases, impossible to carry on a reasonable program, industrial partici- 
pants largely accepted the procedures ane merely hired more people 
to handle the paperwork. Industry did not seem to be as concerned 
by the impact of security and classification on their activities when 
industrial applications were not immediately apparent. The security 
procedures did not cost the participants anything, since such costs 
were reimbursable. Furthermore, industry was well adapted to the 
practice of industrial secrecy and the delayed publication of arerec 
scientific developments until patent protection was obtained and until 
it had a lead against competitors. Industry would recognize that the 
know-how, or application, of science was a step beyond the basic devel- 
opment and that this know-how was a valuable thing. Of course, 
Government contracts under classification gave some industries a 
chance to train their personnel and to get that know-how. 

Although industrial participants never became severely concerned 
about the security clauses in contracts, they were well aware of the 
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significance of other clauses in contracts. This is reflected in the top- 
level consideration of patent clauses. To this date the Atomic Energy 
Commission standard patent clauses have an exemption from the most 
rigid requirements for industrial contractors but not for universities 
and research installations. 

In another context, Raphael Demos said : 

Freedom of thought and freedom of business enterprise are not so different 
after all. In both the individual is exposed to a diversity of alternatives. In 
both there is the friction of competition and the spark of progress that it gener. 
ates. Both declare for a free market: the one in ideas, the other in goods. Yet 
an undeclared war rages between the businessman and the academician, with 
each side demanding a severe curtailment, if not an abolition, of the freedoms 
of the other * * *. 

The time has come for a truce in this cold war. It is well to remind the busi- 
nessman that academic freedom is almost the last remaining stronghold of free 
enterprise; it is well to remind the academician that, other things being equal, 
freedom in material production is better than its absence. I do not mean to deny 
the necessity of regulation and control, here and there, of business enter- 
prise * * *, Nevertheless, control from within and self-discipline, when they 
can be had, are preferable to control from without. (Harvard Business Review, 
vol. 33, July-August 1955, p. 34.) 

An incidental point should be made here. Declassification should 
be distinguished from the right toexport. The United States Atomic 
Energy Commission has declassified more information than any other 
country, not only in basic nuclear science but also in the held of 
reactors (see e. g., the books by Glasstone, reactor materials distributed 
at Geneva and the mass of papers in professional journals). However, 
declassification does not authorize export of equipment or of tech- 
nological information, a licensing function usually administered by 
the Department of Commerce. Confusion on this point is widespread ; 
see Wall Street Journal, August 11, 1955, pages 1 and 4. 

The Government as represented by the Atomic Energy Commission 
has been in the middle. In some respects it has taken a very strong 
initiative and in a few others it has failed to act. The failure to act 
might have resulted from the usual difficulty with Government opera- 
tion, namely, that a good positive action is accepted as something that 
was proper and expected, but unfortunately not soon enough. On the 
other hand, because of political implications, any action taken by a 
Government official, even if for the best motive, is subject to descrip- 
tion by a political opponent as bordering on treason. Because, as 
indicated earlier, all scientific information is of potential military ap- 
plication even though remote, whenever any information is declassi- 
fied there is someone to say that the interest of the Nation was not 
served by the declassification. Similarly, security safeguards which 
never can be absolute are always inadequate in the eyes of the extremely 
security minded. 

On the positive side, the United States Government very early ap- 
pointed a group of senior scientists to establish the fields of work that 
could be declassified. 'The Atomic Energy Commission has continued 
that advisory group, now known as the Committee of Senior Review- 
ers, for establishing the standards for declassification. In recent 
years the group has been expanded in number to include representa- 
tives of industries and universities that operate under contract for the 
AEC. The AEC has also looked for advice to other groups and 
individuals, The AEC has not always accepted all recommendations 
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of its advisers, sometimes for good and valid reasons and in a few 
instances for reasons not wholly valid or determining, such as the 
timeliness of the release or the cost of development. 

The decision to retain classification has not always been made by the 
Commission for its own reasons, but in some cases has resulted from 
the pressure of arguments raised by others. For example, the military 
by reason of the Atomic Energy Act have a substantial voice in the 
actions of the Atomic Energy Commission, and when sufficiently ex- 
pressed on particular issues, they can prevent the declassification of 
information that the civilian advisers believe should be released. Be- 
cause of the potential criticism with associated embarrassment, it is 
difficult, to decide to release information when a major voice of the 
United States Government is critical of such action. 

If there is a pra, criticism of policy, it would seem to raside in 
(a) the long delay that changes in classification sometimes take when 
a high-level decision is required, because of the many people required 
by procedure to handle the paperwork between the initiator of the 
recommendation and the top authority required to make the decision ; 
(b) the-long delay that sometimes occurs for decisions to reach the 
workers; and (c) the fact that arbitrary decisions are sometimes made 
at a high level without the advice of those who are aware of the facts. 
Once in a great while a piece of information previously falling within 
an open field of research is declared to be classified subject matter or 
raised in classification significance when, as a practical matter, the 
information has already Neus released directly or implicitly. Such 


decisions, few as they are, create confusion and consternation among 
the workers and undermine the confidence in the basically good system. 


There is one particularly unhappy situation on the control of in- 
formation that 1s probably the most undermining of a good security 
and classification policy, because such a policy is no better than the 
respect that the individual worker subject to that policy may have for 
it. Field organizations will be rigidly enforcing a strict security and 
classification edict on certain subject matter. Although the field 
workers and organizations are impressed with the security signifi- 
cance of the subject matter, they are startled to hear over the radio or 
to read in newspapers the exact information that is declared to be 
highly classified. Scnnonae the statements are made by high officials 
inthe United States Government. In other instances indirect releases 
of the information occur through “informed sources” who obviously 
had access to the classified information. The information might have 
been validly graded of vital significance to the national defense, but by 
an arbitrary act, for reasons not based on changes in security signifi- 
cance, the information is suddenly published. 

Granted that the publication of information by an antagonistic 
nation or some new development or finding might suddenly make the 
information of no value to retain in a United States security category. 
On the other hand, the Government often admits the reasons for classi- 
fieation were still valid at the time of release, because instructions are 
often issued that, in spite of the publicity, the information is still 
classified. In other cases, the information might have been retained 
ina secret category (prior to release) without any reasonable explana- 
tion for that action. Scientists might have protested to no avail that 
such a decision unnecessarily delayed the progress of basic science, 
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and nuclear energy specifically. Then suddenly it has become oppor- 
tune for an official to make a speech or to use the information for nego- 
tiations and the information no longer affects the national defense and 
security. 

It is difficult to understand how such arbitrary decisions or actions 
are consistent with the objectives of security and classification as set 
forth in the acts of Congress, the Executive orders, and agency regula- 
tions. The progress of science and applied nuclear energy surely has 
greater worth than the withholding of the information for such specu- 
lative purposes. Of course, such situations are considerably better 
than those where the information is given publicly by an official yet 
the Government agency still insists that the information is classified in 
the interest of national defense. 

The problems are severalfold to the administrator in the field. It is 
obviously impossible to impress intelligent workers that information 
appearing widely in the public press is of extreme security signifi- 
cance. It is also almost impossible to notify promptly each and every 
worker that, in spite of what he has seen in the press, the subject 
matter is still entirely classified. The entire security and classifica- 
tion policy that allegedly relates to the national defense falls into dis- 
repute and as a result it is difficult to impress workers with the pre- 
cautions that are really necessary. 

If a worker in the field made a similar public statement, he would 
be threatened with prosecution by a local Federal district attorney 
(and there have been cases where personnel have been investigated by 
the FBI, reported to the district attorney, and threatened with grand- 
jury indictment even though the involved subject matter was at the 
most of questionable security significance). Although there is no doubt 
that the AEC has carried out its responsibilities by reporting to appro- 
priate law-enforcement authorities, there has been no indication of 
threatened prosecution of high-level Government officials who breach 
the security and classification standards. When protests are made to 
Washington one seldom, if ever, receives an answer. The matter has 
been simply stated, ““A mistake in Washington is a change in policy, a 
mistake in the field is a crime.” 


G. ADMINISTRATIVE PRIVACY 


One of the incidental troubles and problems in relation to the con- 
trol of information is the category which might be considered admin- 
istrative privacy and commonly identified within the Government as 
official use only. » 

Generally speaking, when a Government operation is involved there 
is little unclassified information that should not be made available to 
the public, because the Government is performing its functions for the 
people as a whole. As a practical matter, the Government cannot be 
considered as a single entity because it is made up of individuals who 
have an administrative privacy. Furthermore, when Government 
operations are performed through private agencies, such as individuals 
or corporations on a contractual arrangement, these non-governmental 
agencies retain a certain administrative privacy. 

The most obvious item in this category is, of course, the medical 
record of an individual] in the employ of a private corporation. Sim- 
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ilarly, personnel matters not relating to the security status of the indi- 
vidual are not suitable subjects for publication. There are many 
examples of information which the Government might wish to hold 
in a limited designation category, at least for a time. If, for example, 
the Government or a contractor thereto intends to purchase some 
property or equipment, it is not unreasonable to withhold the publica- 
tion of intent until the matter is generally announced after the Gov- 
ernment’s position has been protected. It would be grossly unfair to 
leak advance information to a privileged few that a new plant was 
intended for construction in a particular area. Likewise, an advanced 
tip on the proposed procurement of certain equipment might give one 
bidder considerable advantage over others who did not have the ad- 
vantage of the advance tip. 

On the other hand, it would be equally unfair for a corporation 
operating under cost plus fixed fee contract to retain the information 
developed under the contract in an administrative privacy category 
to the detriment of other persons in the United States who had fi- 
nanced the research. To prevent the latter situation, the Commission 
has issued orders that a contractor may not place scientific or techni- 
cal information in an administratively private category without the 
authorization of high AEC officials. This, however, is the old black 
and white approach to a problem. 

Actually there are situations in which an administratively private 
grading might be immediately necessary for the contractor’s operation. 
For example, if a scientist employed by a contractor is required to 
make public each and every scientific thought that he discusses with 
his associates, even though the idea is rather sketchily conceived and 
might be ridiculous when fully considered, the only result will be that 
the scientist will not divulge his preliminary thoughts. 

Another case might be where commercial products are evaluated in 
a document so that some products are praised and others are found 
wanting for the scientist’s purposes. Such information might be used 
in advertising as Government or contractor sponsorship or it might 
cause bitterness because the Government or an associated contractor is 
publicly criticizing another’s product without a chance for defense. 

In other situations, patent rights might definitely be involved. 
Suppose a scientist in the employ of a Government contractor (who 
might have at least exclusive license rights under the contract) has 
an incomplete conception of an invention. Must he publicly dissemi- 
nate this idea so that others might make a complete conception and 
take title toa patent? Another example might be a situation in which 
a contractor procures the construction of items that are unclassified 
but which are subject to a patent application. If the drawings for 
these items are not marked “Official Use Only” but are submitted on 
an unclassified basis without any limitation, the supplier might use 
the information for general manufacture without licensing. 

Often data are developed early in a classified program but many 
years later, after considerably better data have been obtained, the 
subject matter is declassified. Publication of such old data is not only 
detrimental to the individual and his employer, but also to the Gov- 
ernment and the public at large, inasmuch as the early data might 
be wrong or the conclusions drawn therefrom might be erroneous. 
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The large quantities of material declassified for the Geneva Con- 
ference raise such questions at this time. Granted the Government 
has paid for the work, but a man cannot completely divorce himself 
from every interest in the product of his brain. 


H. ADMINISTRATIVE CONTROLS OTHER THAN SECURITY AND 
CLASSIFICATION 


Although the procedures of declassification and of establishing open 
fields of See have been found to be very valuable and effective, 
there is a growing tendency to require consultation, review, or clearance 
on subject matter in some forms of presentation, such as photographs 
or news releases, of such materials for reasons not involving national 
defense. Those concerned with Government public relations have 
been urging another review of released materials. It is the opinion 
of many such individuals that a scientist working for a private con- 
tractor to the Government is really an employee of the Government 
and is not free to speak in a way that might be considered not wholly 
flattering to the cremmunant agencies with which the contract is 
arranged. For the AEC justification of this action, see, for example, 
the statement of William Mitchell, General Counsel to the AEC, to 
the Joint Committee on Atomic Energy on the subject of AEC Con- 
tract Provisions Regarding Public Information Releases. 

The declassification procedures and the operations in the open fields 
of research fully cover the national-defense aspects. The adminis- 
tratively private matters can be set forth in an appropriate guide 
section. However, it is unreasonable to expect each and every per- 
son who works as a private individual under a Government contract 
to submit every public statement for public relations review in order 
to protect the nondefense interests. In order for such a practice to 
have any significance one would have to censor every conversation of 
an unclassified nature made in public. All public issuances are not 
in the form of documentary materials. Furthermore, it has been 
found when public statements are submitted for review for reasons 
other than national defense, excessive delays in obtaining review and 
approval are usually involved. It is not apparent that a particular 
problem has arisen by reason of contractor employees making state- 
ments that are embarrassing from a defense standpoint or from an 
administrative privacy standpoint. It would seem that the tendency 
for censorship for nonsecurity reasons is developing in the face of a 
long experience of no problem. Furthermore, the proposed procedures 
for reviews of public statement are not such as to prevent the type of 
embarrassment that might have occurred in the past. 


III. SECURITY 


A. GENERAL 


Security administration is a major responsibility of the Atomic 
“nergy Commission, but unfortunately it is not integrated into the 
program in the same manner as is the classification administration. 
In general, the latter is jointly staffed with representatives of the 
AEC and of scientific and technical contractors and workers. Too 
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much is the security ae treated as a separate police force, 
a necessary evil not to be ignored but not to be epsiipee as part of 
the team. It is not clear why this occurs. However, to remedy it, 
a more positive attitude is necessary than has existed to the present, 
not only on the part of the security personnel but also on the part of 
AEC administration, the contractors, and their personnel. So long 
as security works only on the periphery, it will continue to operate by 
self-determined arbitrary rules without effective consideration of their 
impact on the primary purposes of the Atomic Energy Commission. 


B. BACKGROUND 


It is appropriate at this point to consider the history of the security 
procedures within the Atomic Energy Commission. When the nu- 
clear program was started, it was during the war and within the secu- 
rity procedures of Army Regulation 380-5. General Groves recog- 
nized the weakness of that strongly military regulation in application 
to a scientific program and he developed within the Manhattan Dis- 
trict a more limiting security practice for wartime application. When 
the AEC took over, the procedures of the Manhattan District were 
essentially adopted, if for no other reason than that the Government 
security personnel merely changed from responsibility to the War 
Department to responsibility to the Atomic Energy Commission. To 
this day the program of physical security and control of information 
is essentially the same as that of the Manhattan District. Details 
have been added, but within the’same philosophy. The two chiefs 
of security of the Atomic Energy Commission have been former mili- 
tary personnel, and much of the staff received its training while in the 
military. 


C. COMPARISON WITH MILITARY SECURITY 


It is therefore necessary to consider whether military security and 
security for an essentially civilian agency should be the same. Mili- 
tary security, whether one admits it or not, has at least two distin- 
guishing features. First, itis based on a principle of command. Such 
a principle is necessary in a military establishment in anticipation of 
conflict when an order from a senior is law whether or not it is correct 
and whether or not it involves the life or liberty of the person receiving 
the command. Second, military security is far more flexible than it 
appears on the face of it. Many items are classified with a full knowl- 
edge that the information will probably be compromised and with 
the authority, particularly in combat, for waiver of security require- 
ments to meet the exigencies of the situation. Military orders have 
been classified as involving the national defense for years even though 
the individual operating under the orders (peacetime) may give his 
forwarding-address to relatives, close friends, the post office, and the 
like. Activities in the public eye of a limited area are often classified. 
Accredited newsmen with no real need to know are often given access 
to classified activities so long as what is published is subject to limita- 
tion. 

It is believed that a civilian program is on a completely different 
basis. For example, the Atomic Energy Commission does practically 
nothing itself in the scientific and technological fields. Substantially 





429 PEACEFUL USES OF ATOMIC ENERGY 


all of its work is done on the basis of a contract between the Commis- 
sion and industry or an academic institution. Obviously, a military 
command relationship is not involved. Under our civilian opera- 
tions, it is only proper that criminal punishment should be only for a 
failure to comply with a security regulation that is a violation of a 
law, not a command of an individual. Regulations acceptable within 
the military might in a civilian system, particularly in a contractor 
relationship, be invalid as improper, unauthorized, inconsistent, or 
illegal. It is true that some individuals within the Government con- 
sider the contractor as the last step in a military chain of command, 
just one step below the lowest clerk in the Government who has con- 
tact with the contractor. It is not believed that this is the philosophy 
of the Federal Government. 

As to the second unique point of a military system of security, the 
civilian agencies that have adopted the military program have not 
recognized the peculiar flexibility of the military security system. 
Once a senior individual in the atomic-energy program has spoken, the 
information so declared by him remains classified until he or his 
senior reverses his decision. Furthermore, when information is clas- 
sified there are no exceptions to be made on its dissemination even 
though for operational reasons limited dissemination is required. 
Some individuals use their judgment in such matters but always with 
the threat that if things do not go as expected he is subject to criminal 
prosecution, loss of clearance, reprimand, and the like. Industry, the 
nearest civilian counterpart, has recognized that information can be 
withheld from the public only for a limited time, and accepts the fact 
that it must take advantage of that limited time to move ahead of its 


competitors. It does not attempt to rely on rigid control of informa- 
tion. | 


D. CRITICISMS OF SECURITY 


Too often security and associated policies are established by fiat, 
and detailed procedures are set forth as universal practice without 
adequate knowledge of the implications to the varied operations. 
Failure to comply, even though it interferes substantially with the 
progress of the program without a gain in security, results in adverse 
reports by intermediate level security inspectors who live by the rule 
book. Neither extenuating circumstances nor reasons for the criti- 
cized actions form part of their report, nor do the recommendations 
of those who are responsible for the application of the regulations 
reach those responsible for the issuing of the regulations. except pos- 
sibly in garbled form. ‘To say the least, this is frustrating. 

Another unfortunate practice is the unending changes in security- 
procedure regulations. Detailed changes are made almost contin- 
uously so that a great deal of time is lost in reading and explaining 
the latest practice. Security is strengthened by good habits. Such 
stable habits are not possible in an atmosphere of continuing change. 

As an aside on this subject there is a general weakness of Govern- 
ment regulations in that they are issued by a group interested in solely 
one phase of administration without an understanding of the impli- 
cations or impact of their regulations on other phases of the work, 
and nearly all fail to consider the primary purpose; namely, scientific 
or technical development. Even the centralized coordination of these 
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groups will not—does not—bring out the difficulties that result from 
the accumulated regulations on the worker in the field. It is doubted 
that any individual not in the group that issues the regulation (and 
possibly most of the individuals in the group that issues the regula- 
tions) knows all of the regulations issued by that group. On the 
other hand, the operating personnel are not only required to know 
all the regulations issued within that administrative group, but all 
the regulations issued by all of the administrative groups. If he 
fails to comply with the regulation he is subject to reprimand, criticism, 
loss of clearance, or possibly even prosecution. It is granted that 
every regulation does not apply to every individual, but the only way 
an individual can know whether or not the regulation applies to him 
is to sit down and read it. These regulations are in addition to those 
of his employer, as well as the numerous laws enacted by Congress. 
Instead of setting forth policy and purpose, minute procedures are set 
forth as regulations. When one considers that the primary job of the 
scientist, engineer, technician, or the like, is to create something new 
using all of his mental faculties, one can realize the severe burden 
of attempting to keep in mind at all times the massive regulations. 
Classified information under his control is not a document to be locked 
ina safe, but is an everyday, every-minute tool. 

The problem is not limited to individuals but also applies to a con- 
tractor asaunit. A challenge may be made to anyone to produce rea- 
sonably soon a list of all the steps to be taken by a contractor in closing 
out a contract. To mention a few, one has to think of security pro- 
cedures for personnel termination, record-disposal procedures, finan- 
cial-record procedures, property-disposal procedures, handling of 


funds, patent clearances, and the like. Consider the difficulty to a 
contractor in starting up a program where he has no experience. 


E. ASSOCIATED DIFFICULTIES 


Another subject indirectly related to the problems of security arises 
from the inconsistent practices within the Federal Government. The 
definitions of defense-information categories, namely, top secret, secret, 
and confidential, are set forth for the executive department in Execu- 
tive Order 10501. The same categories with the same definitions are 
used within the Atomic Energy Commission as are used in the other 
executive agencies. However, even though information may be of 
the same significance to the national defense and similarly graded ac- 
cording to the Executive-order criteria, the procedures for access in 
handling such information differ substantially within the several Fed- 
eral agencies. For example, access to confidential information under 
military control may be granted to an employee by a military con- 
tractor based on the contractor’s record that the employee is a Unitea 
States citizen and that there is no information known to the contractor 
which indicates that the employee’s access to confidential information is 
not clearly consistent with the interests of national security. (See 
Industrial Security Manual for Safeguarding Classified Informa- 
tion.) Aithough the practices are not set forth in public documents, 
a secret clearance for an employee of a contractor to the military is 
based merely on a check of the national agency files, and if there is no 
adverse information such a clearance is granted. On the other hand, 
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a clearance for access to confidential information for AEC contrac- 
tors is based on a national agency check similar to that used for a mili- 
tary secret clearance. A secret clearance in the Atomic Energy Com- 
mission is based on complete background investigation by the Civil 
Service or the Federal Bureau of Investigation and a clearance by the 
Commission. To some extent this is the responsibility of Congress 
in that specific clearance procedures have been set forth for the Atomic 
Energy Commission but not for other executive agencies. It is diffi- 
cult to see how within the same Federal Government access to infor- 
mation of the same defense significance is based on different clearance 
procedures clearly of different scope. 

Another general practice differing substantially between Govern- 
ment agencies of the executive department is to be found in time of 
clearance of new employees. Within the Defense Department clear- 
ance of their contractor personnel will not be initiated until an 
employer-employee relationship has been established even though 
the facility in which the individual is to work is engaged in classified 
work. On the other hand, the Atomic Energy Commission contractors 
may not employ an individual in such a facility until he has an 
adequate clearance. It should be clear that these comments refer to 
contracts where the employee’s salary is reimbursable and where the 
contractor does not have an open area for unclassified work. 

Even within the same Government agency there are rules and prac- 
tices that are inconsistent. For example, Executive Order 10501 
states that confidential is a classification grading of defense informa- 
tion and in section 7 that— 

Proper control of dissemination of classified defense information shall be main- 
tained at all times, including good accountability records of classified defense 
information documents * * *. 


Furthermore, in section 9b of that Executive order it is stated that— 


Appropriate accountability records maintained in the department or agency 
shall reflect the destruction of classified defense material. 
One would gather from such statements that all documents containing 
confidential defense information shall be accountable. On the other 
hand, quite realistically, the AEC regulation GM-SEC-5 does not 
require accountability or certificates of destruction on all confidential 
defense information. The situation is further confused by article 18, 
United States Code, section 793 (f) (2), which provides that— 

Whoever, being entrusted with or having lawful possession or control of any 
document, * * * or information, relating to the national defense, * * * having 
knowledge that the same has been * * * lost, or stolen, abstracted, or destroyed, 
and fails to make prompt report of such loss, threat, abstraction, or destruction 
to his superior officer—shall be fined not more than $10,000 or imprisoned not 
more than 10 years, or both. 
Since a loss or theft may never be considered legal, it is doubted that 
the term “illegally” as used in United States Code 793 (f) (2) is 
intended to modify the words “lost,” “stolen,” “abstracted,” or “de- 
stroyed.” It is not clear what is intended by this law. Suppose a 
scientist destroys a confidential document in accordance with existing 
regulations which do not require a certificate of destruction, is he 
required to tell his group leader, and what does his group leader do 
about it? One might say that this is rather unimportant, but unfor- 
tunately the individual has hanging over him a $10,000 fine and a 
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10-year ae sentence, and he should know just what was intended 
by that law. It is impossible, however, for a contractor’s employee 
to learn through Government channels what is meant by that law 
with respect to the handling of confidential documents, preferably by 
having an Attorney General ruling that adequate accountability 
records for defense information include none on some defense infor 
mation graded “Confidential.” The practice within the Atomic 
Energy Commission is quite reasonable but it is unfortunate that the 
Executive order and article 18, United States Code, section 793 (f), 
are not clearly announced to be complied with by following the Atomic 
Energy Commission regulations. Such a statement issued by the 
AEC would be of immeasurable help. 

The President has issued an Executive order requiring that Gov- 
ernment contractors will not discriminate against personnel as 
employees by reason of their place of-origin. On the other hand, 
if a contractor requests clearance of a naturalized American citizen 
who was resident in portions of Europe during certain critical years, 
the Atomic Energy Commission will advise that they cannot clear the 
individual because he cannot be investigated. Obviously when appli- 
cations for positions with Government contractors are reviewed, one 
sutninaniee discards the applications of those citizens whose place 
of origin might be such that they cannot be cleared. It is true that one 
might be in contempt of an Executive order recited in a contract provi- 
sion, but it is necessary in order to obtain reasonable assurance that 
the potential and needed employee might be cleared. ‘The practices 
are not under criticism here; the objection is that with the multitude 
of laws, orders, regulations, rules, and the like, a Government con- 
tractor and his employees are almost forced to jeopardize their 
positions by inconsistencies that the United States Government will 
not attempt to clarify in writing for the protection of the individual 
involved. 

Another contradiction arises in the requirement to account for clas 
sified documents so long as they are classified, and the regulation on 
disposal of records which provides for destruction of receipts for 
secret documents after 5 years. 

It was noted earlier that there is also a tendency in security to issue 
regulations beyond those required to comply with the basic security 
requirement. Detailed procedures probably suitable for one type 
operation are set forth as requirements for all operations even though 
they are unnecessarily difficult and impede other operations. Other 
practices that will meet the basic security requirement are declared 
unsatisfactory merely because they do not conform to some practice 
adopted in Washington headquarters which is suitable there but 
wholly unsatisfactory in the ning ol or plant where the primary 
mission of the Atomic Energy Commission is being accomplished. In 
addition, even though the general AEC regulation sets acceptable 
standards for security, the intermediate regional levels add more de- 
tailed regulations or interpretations that make the security job nigh 
impossible, 

An associated difficulty is the number of investigations of contrac- 
tors by Government personnel from different agencies and levels. 
Joint Committee staff, Inspection Division (formerly Controller) 
staff, Washington security staff, Operations Office security staff, and 
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field office security staff routinely inspect contractors. The trips are 
not coordinated in most cases, hence there are many interruptions of 
work and, even worse, the recommendations for change are not always 
consistent. 

There has also been a tendency to transfer to security control and 
regulation items that have no significance to security. A classified 
report library is not primarily a repository of information for secu- 
rity control of paper, but is a fundamental tool to research and devel- 
opment. It is true that security has an interest in seeing that the 
practices meet the minimum security standards, but that is only a 
procedural interest associated with the primary purpose of the classi- 
fied report library. If the security interest were the reason for the 
classified report library, it would be easier to destroy all the documents 
in accordance with existing security regulations. However, the AEC 
security organization is now essentially in charge of such classified 
report libraries, and a failure to follow the detailed procedures there- 
in, whether they are of security significance or not results in a security 
violation. 

Another example of security difficulties is a bulletin recently issued 
by the AEC on the control of nondefense information. That docu- 
ment specifically states that the information controlled is not of secu- 
rity significance, yet it is a document issued as a security regulation 
and has been interpreted in at least one instance as subject to monitor- 
ing by security personnel. Such practices dilute the effectiveness of 
a security policy and organization. 

The trend represented by this type of regulation is probably of more 
significance than the actual practices that have been adopted to date. 


IV. COMPARTMENTALIZATION 


Compartmentalization is a combination of security and classifica- 
tion whereby classified subject matter is given to a specific group of 
cleared persons but not to others who might have equal clearances. 
The Atomic Energy Commission policy on this point is set forth in 
its bulletin GM-SEC-5 : 


3. PRINCIPLES RELATIVE To SAFEGUARDING CLASSIFIED SECURITY INFORMATION 


(a) Restricted data or other classified security information, whether in oral or 
documentary form, shall be given only to those persons who require and are 
authorized to receive the information in the course of the performance of their 
duties. 

(b) No person is entitled to receive restricted data or other classified security 
information solely by virtue of his official position or by virtue of having been 
granted security clearance. 

This would appear to be a reasonable policy if it could be fully 
enforced. The need-to-know standard is not strictly applied to Gov- 
ernment officials, particularly when one considers the Gecehnnuet as 
a whole rather than just the Atomic Energy Commission. Even 
within the Atomic Energy Commission the rule is liberally interpreted. 
Under our present system of Government, probably the one who needs 
to know top-secret information more than anyone else is the account- 
ant. Fiscal affairs dominate all planning and, as a result, accounting, 
budget, finance, and related offices have much more highly classified 
scientific and technical information within their records than one 
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would ordinarily consider desirable from a security, classification, and 
compartmentalization viewpoint. In addition, the Commission has 
similarly determined a nee to know on the part of security, safety, 
and other administrative personnel. 

On the other hand, when it gets to the level of the scientific or 
technical people, particularly those working for the contractors, there 
is much more rigid enforcement of the need-to-know principle. This 
is unfortunate, inasmuch as the cleared scientific and technical per- 
sonnel are the one group who could use compartmentalized informa 
tion to.advance the primary purpose of the atomic-energy program. 
An impossible question to answer is, How can an individual know 
whether or not certain technical information will help his work un- 
less he knows what the information is? Generally speaking, a sub- 
stantial group of persons will not have access to compartmentalized 
information unless some administrative person not wholly competent 
to judge determines that individuals in such a group might have a 
need to know. Sometimes it is the inverse of this situation. One 
group might have been presented with a problem, and because they 
cannot discuss the problem by reasons of compartmentalization rules 
with other workers, they cannot get the benefit of their associates’ ideas. 
At times the solutions are obtained in fields wholly different from 
the field of the workers to whom the problem is assigned. The rule 
is quite artificial in many cases in that cleared visitors will not be 
permitted at certain installations, yet they will have in their own files 
the same information the scientific workers would like to discuss with 
such visitors. 

V. CONCLUSIONS 


A. The constitutional basis to provide for the common defense 
justifies existing laws and regulations on control] of classified infor- 
mation relating to nuclear energy. 

B. The Atomic Energy Act seems to give all the authority neces- 
sary for effective and balanced security and classification policies. 

C. Executive Order 10501, consistent with the law, is a good state- 
ment of a satisfactory policy on the definition and the handling of 
classified information. 

D. The policy of the Atomic Energy Commission on control of 
information as given in Manual Chapter Part 3400 and in related 
(documents is well stated and reasonable. 

EK. In general, the policy and practice of classification and declassi- 
fication are quite good. Difficulties in the system are minor and can 
be handled by continued cooperation between the Commission and its 
contractors, both academic and industrial, particularly the scientific 
and technical personnel in the contractor organizations. 

F. The present state of knowledge on nuclear energy around the 
world does not now present a unique problem of control of scientific 
and technical information. The same problem exists in other fields 
of science and technology that relate to military applications, par- 
ticularly to conveyances which may be used to deliver destructive 
means and to means for detecting and intercepting such conveyances. 

(. Basie scientific information cannot be kept in secrecy perma- 
nently inasmuch as that information will be independently developed 
by scientists in other countries. 
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H. This Nation can only maintain its lead by continuance of its 
policy for maximum dissemination of information except that classi- 
fied for reasons truly relating primarily to the national defense. 

I. Complete control of scientific and technical information involves 
procedures inconsistent with our form of government and in which 
this Nation is not as expert as are totalitarian nations so that our 
relative progress would suffer by its adoption. 

J. Some inconsistencies in laws, Executive orders, and agency regu- 
lations and policies do exist. 

K. The control of information is tending to involve aspects other 
than the common defense. 

L. Security practices are not as enlightened as other Government 
procedures in the nuclear-energy field, at least partly as a result of the 
lack of integration of security with the Government scientific and 
technical programs. 

M. The time it takes for the exchange of information and the lack 
of understanding between the parties appear to be directly related to 
the distance between AEC headquarters and the location of the con- 
tractor in the field, because of the interpretations of communications 
by increasing numbers of intermediate Government levels. 


VI. RECOMMENDATIONS 


A. Security is a major responsibility of the AEC, the contractor, 
and the individuals working in the field of nuclear energy. Senior 
professional personnel in fields other than the law and the military 
should be used in security, and the security organization at all levels 
should be better integrated into the program so that security practices 
inconsistent with the accomplishment of the primary objectives are 
not established. 

B. The practice of the AEC in using the advice of competent pro- 
fessional personnel to establish criteria for classification, declassifica- 
tion, and dissemination of information not only should be continued 
but should be extended to the field of security. Cooperation and re- 
spect for each other’s problems are the only solutions to presently exist- 
ing difficulties. 

C. Security policy and general practice should be established by 
the AEC consistent with law and Executive orders, but detailed pro- 
cedures should not be dictated. Recommended security practices 
should be developed by the AEC, but other procedures initiated for 
particular activities should be disapproved only if they do not meet 
the requirements of security policy and general practice. 

D. Security should be limited to only those matters that relate to 
the national defense. 

E. The reasons for control of information should be limited to those 
relating primarily to the common defense. 

F. Compartmentalization should be minimized between the cleared 
workers in the scientific and technical fields. 

G. Improvement should be made in the speed of communication 
between AEC headquarters and the contractors in the field, particu- 
larly in answering inquiries of, or recommended actions by, the con- 
tractors. 
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CoMMUNICATION From Panet To Aromic Eneragy CoMMISSION, 
Aveust 10, 1955 


* * * it would be very much appreciated if you could have a state- 
ment prepared summarizing the position and v lewpoint of the Atomic 
Energy Commission with regard to secrecy and declassification as they 


aflect the development of the peaceful uses of atomic energy. 
* * * * * * a 


It is appreciated that this statement by the Commission must reflect 
the most current attitude to be of maximum usefulness, * * * 


CoMMUNICATION From Atomic ENercy Commission, Ocroser 18, 1955 


In response to your letter of August 10, 1955, we are pleased to 
summarize the position of the Commission on “secrec y and declassi- 
fication as they affect the development of the peac eful uses of atomic 
energy. 

F sademionbilhy , of course, the Commission’s position is based upon 
the policies and principles stated in the Atomic Energy Act of 1954, 
and particularly those set forth in chapter 12 of that act which re- 
quire balancing considerations related to the common defense and 
security with the benefits which flow from a free interch: ange of ideas 
and criticism and an enlarged fund of technical inform: ation. In this 
connection, it is necessary to bear in mind that some of the technical 
data which are important and useful in the development of the peace- 
ful uses of atomic energy are also important and useful in the weapons, 
production and military propulsion programs. Precise segregation 
of data by area of use therefore is not always possible. As a result, a 
body of information related, but not exc lusively, to the peaceful appli- 
cations of atomic energy remains classified. 

In April of this year, the Commission implemented a classification 
policy distawea to segregate information of varying sensitivity into 
three general areas. One area contains information which the Com- 
mission has determined can be declassified and made available without 
undue risk to the common defense and security. The success of the 
recent Geneva Conference is evidence of the fact that the Commission 
has been reasonably successful in this regard and that considerable 
information is now available on an unclassified basis. The second area 
contains information which, although it is restricted data, is of a rela- 
tively low order of sensitivity. This information can therefore be 
disseminated fairly broadly on a classified basis under appropriate 
security safe uards. This area of information, in combination with 
the information which is declassifiable, or which has been declassified, 
contains most of the data relevant to the peaceful uses of atomic 
energy. The third area into which information is segregated contains 
data of a higher degree of sensitivity, and its dissemination is ¢ losely 
controlled. Information in this area is made available under securit y 

safeguards only to those persons who can evidence a substantial need 
in their business, trade, or profession for specific categories of infor- 
mation. In its program to disseminate classified information under 
proper security safeguards, the Commission is granting access permits 
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at the rate of approximately 90 per month, with a total of 400 having 
been granted by October 10, 1955. 

The classification policies outlined above represent what we pres- 
ently believe to be the best solution to the problem created by the Com- 
mission’s dual responsibility : To encourage the peaceful uses of atomic 
energy through the dissemination of information, and, at the same 
time, to control such dissemination and the declassification of re- 
stricted data in such a manner as to assure the common defense and 
security. However, the matter does not remain static and the Com- 
mission’s staff and advisers are presently evaluating proposals for the 
declassification of the major areas of technical information helpful to 
the civilian programs which still remain classified. Much of this in- 
formation is subject to joint agreement with the United Kingdom and 
Canada and tripartite meetings to discuss mutual problems in this area 
are a condition to final action by the Commission. Such a meeting is 
scheduled tentatively for early February 1956. 


Communication From Panext to Atomic ENERGY Commission, 
Avcust 22, 1955 


In the projected discussions by the panel on the impact of the 
peaceful uses of atomic energy dealing with the role of Govern- 
ment, * * * summaries of what has happened in the following areas 
would assist * * * 

x * * * * * * 


5. Industrial access: A summary of the standards being applied for 


the granting of limited access; a statement of the number of individ- 
uals and organizations for which access permits have been received 
and the number granted. 

6. Declassification and reclassification: A brief statement of the 
policy being followed with regard to downgrading or declassification 
of restricted data relating to the development of peaceful uses and 
an estimate of the percentage of the total information which will fall 
in this category, and action taken, together with an estimate of the 
length of time required for cleaning up the backlog of restricted data 
which comes in this category. 


Roe or GOVERNMENT Stupy 

COMMUNICATION FROM ATOMIC ENERGY COMMISSION, 
OCTOBER 20, 1955 
*» * * 
5. INDUSTRIAL ACCESS TO INFORMATION 
* * * * * * 
(a) Summary of standards being applied for the granting of limited 
access 


(1) Standards for granting confidential access.—The following sec- 
tion of volume 10, Code of Federal Regulations, part 25, serves as the 





PEACEFUL USES OF ATOMIC ENERGY 431 


basic standard for issuing access permits: “Any applicant who executes 
the application form AEC 378 may be a an access permit for 
confidential restricted data if he has evidenced potential use or appli- 
cation of such data in his business, profession, or trade.” The appli- 
cant must also agree to: 

(a) Conform to part 95 of the Commission’s regulations and all 
other applicable regulations and requirements of the Commission ; 

(6) Pay all established charges for personnel security clearances, 
and for such publication, reproduction, and other services as the 
Commission may furnish in connection with the access permit ; 

(c) Waive all claims for damages under section 183 of title 35, 
United States Code, by reason of the imposition of any secrecy 
order on any patent application, and all claims for just compensa- 
tion under section 173 of the Atomic Energy Act of 1954, with 
respect to any invention or discovery made or conceived in the 
course of, in connection with, or under the terms of the access 
permit granted by the Commission ; 

(2d) Waive any and all claims against the Commission and per- 
sons acting on its behalf that might arise in connection with the 
use, by the applicant, of any and all information supplied by them 
under the terms of the access permit ; 

(e) Obtain agreements from all individuals who will have 
access under the access permit to give effect to paragraphs (a), 
(c), and (d) hereof. 

In practice, all applications for confidential access are preliminarily 
studied to see if any the information desired by the applicant is still 
classified. In cases where it appears that the type of information 
desired is completely unclassified, the applicant is notified of this fact 
and told of the sources of unclassified information. In most other 
cases, the permit is issued promptly. 

In addition to obtaining an access permit, the permitholder must 
obtain L clearances for his personnel and submit a security plan that 
outlines his method for safeguarding restricted data. 

(2) Standards for granting secret access.—In granting secret access 
the standards given in volume 10, Code of Federal Regulations, part 
25, are amplified by a standard procedure. This procedure states that 
the applicant must furnish the following information: 

(a) Identify scope of secret restricted data to which access is 
required by indicating which of the categories of secret data is 
needed. (Thirty-two categories are listed.) 

(5) Description of need for information in each of these cate- 
gories, including the immediate or significant effect upon the busi- 
ness, profession or trade of the applicant—such as specific re- 
search, design, planning, instruction, or operating projects; or 
studies or evaluations contemplated or work performed for other 
organizations requiring access to restricted data. 

s PEaaenee for secret access must also obtain Q clearances for their 
employees, submit a security plan, agree to the provisions outlined 
above under paragraphs 5.a (1) (a)—(e) ; and in addition grant to the 
Commssion, for governmental purposes, an irrevocable, royalty-free, 
nonexclusive license in, and report to the Commission, any invention or 
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discovery made or conceived as the result of access to secret restricted 
data made available in the course of, in connection with, or under the 
terms of the access permit. Paragraph 5.a (1) (e), above, also applies 
to this requirement. 

Volume 10, Code of Federal Regulations, Part 25, Access to Re- 
stricted Data, is being revised for final issuance. Comments received 
with respect to the patent and other provisions are being taken into 
account in the course of this revision. 

(3) Statement of the number of individuals and organizations for 
which access permits have been received and the number granted.— 
As of September 30, the status of applications received and permits 
issued was as follows: 


Applications received 
Permits issued 


Many of the pending applications are being held awaiting receipt 
of additional information from the applicants. 


6. DECLASSIFICATION AND RECLASSIFICATION 
° + * * ’ * . * 


In October 1954 the Committee of Senior Reviewers and repre- 
sentatives of the Commission met with the British and with the 
Canadians to discuss the advisability of declassifying or downgrad- 
ing the major segment of the information concerning the peaceful 
uses of atomicenergy. At that meeting it was decided that essentially 
all of the information dealing with power reactors could be either 
declassified or downgraded to confidential. This policy was recom- 
mended to the Commission and was adopted on April 18. 

Among the fields which are unclassified or declassifiable in accord- 
ance with this decision are: 

(a) Biology and medicine; 
(6) Peaceful uses of radioactive isotopes; 
(c) Raw materials; 

d) Instrumentation ; 


e) Mathematics; and 
(f) The theory of power reactor design. 


Among the fields which have been or will be largely downgraded 
to confidential under this decision are: 
(a) Information on the design, construction, and operation of 
power reactors ; 
(b) Highly accurate analytical procedures for the heavy 


elements; 

(c) Neutron cross sections for the heavy elements between 3 
and 10 mev; 

) Much information on fabrication of fuel elements; 


e) Metallurgy of the heavy elements not of primary impor- 


tance to the weapons ae : 


(f) Information on the technology of the chemical processing 


of spent fuel elements. 
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It is estimated that approximately 80 percent of the information 
dealing with the peaceful uses of atomic energy is declassifiable and 
essentially all the remainder of the information of primary impor- 
tance to the peaceful uses of atomic energy is or can be classified 
“Confidential.” 

A program is now underway to declassify or downgrade to con- 
fidential those documents which are of value to the program. The 
number of documents involved is approximately 28,000. The present 
plan calls for reviewing these documents over a period of 18 to 24 
months. However, the staff is currently examining a plan under 
which this rate of review might be greatly accelerated. 


CoMMUNICATION From Atomic Enercy Commission, JANUARY 3, 1956 


In accordance with the panel’s request * * * for the regulation and 
application forms relating to the access-permit program, I am en- 
closing copies of the following documents : 

1. Form letter acknowledging request for information concerning 
the access permit program. 

2. Copy of the pamphlet “A Business Man Asks * * *” which is 
customarily mailed out with item 1 above. 

3. Copy of press release of April 20, 1955, announcing the access 
program. 

4, Copy of application for access permit. 

5. Outline for application for access to secret restricted data. The 


information contained in this document will probably be incorporated 


as an appendix in the forthcoming revision of the access-permit reg- 
ulation. 

6. The proposed access-permit regulation (10 CFR 25). 

7. The proposed regulation governing safeguarding of restricted 
data (10 CFR 95). 


8. Form letter transmitting the access permit to the applicant. 
9. Copy of the access-permit form. 


UNITED States ATOMIC ENERGY COMMISSION, 
Washington, D. C. 

DEAR : Receipt is acknowledge of your request for information concern- 
ing the procedures for obtaining access to restricted data relating to the civilian 
uses of atomic energy. 

We are enclosing a copy of the Commission announcement describing the access 
program and copies of the form of application for an access permit. In the 
event you desire to submit such an application, three executed copies of the 
completed form should be returned. 

We are also enclosing a copy of the proposed regulation establishing pro- 
cedures for the access program (10 CFR 25) and the proposed regulation gov- 
erning the safeguarding of restricted data (1 CFR 95). 

Very truly yours, 
B. A. LAMKE, 
Division of Civilian Application, 
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A Business Man Asks: How Can I Keep up WITH Atomic Enrrey 
DEVELOPMENTS? 


Industrial Information Branch, Technical Information Service, Atomic Energy 
Commission, Washington 25, D. C. : 


Revised September 1955 


Question. Is it true that information or developments within the national 
atomic energy program is restricted to those firms and persons directly engaged 
in the program? 

Answer. No. Data bearing on the national defense and security are, of 
course, Classified. However, outside such areas, the Commission has release] 
nearly 9,000 unclassified reports. Many of these have significant implications 
in present-day industrial activities. 

In addition to these unclassified reports, the AEC has announced a new pro- 
gram under which persons may be given access to nonmilitary confidential and 
secret restricted data on atomic energy technology for their own private purposes, 

Question. Where should I begin? 

Answer. We suggest that you begin with the unclassified information. A 
great many subjects of commercial interest are completely declassified. 

Question. How can I obtain information on unclassified subjects? 

Answer. A good way to begin would be to review A Bibliography of AEC 
Reports of Interest to Industry, TID-3050. This is a special AEC bibliography 
series which separates from the 9,000 nonclassified reports about 800 covering 
technological developments of particular interest to general industry. 

Question. Where may I obtain these bibliographies? 

Answer. The entire set, or individual sections of the series, may be purchased 
from the Office of Technical Services, Department of Commerce, Washington 25, 
D.C. Cost of the set is $2.25, while costs of individual sections are: Chemistry 
and Chemical Engineering, 45 cents; Construction and Civil Engineering, Mining 
and Geology, 25 cents; Electronics and Electrical Engineering, 35 cents; Health 
and Safety, Industrial Management, 25 cents; Mechanics and Mechanical Engi- 
neering, 25 cents; Metallurgy and Ceramics, 35 cents; and Nuclear Technology, 
35 cents. You'll also find them available for reference use at official AEC indus- 
trial information depositories. 

Question. Industrial Information Depository Libraries—what are they? 

Answer. Reference facilities at which you can study without charge non- 
classified AEC reports of industrial interest. 

Question. Where are these industrial depositories located? 

Answer. At the Atomic Industrial Forum, Inc., 260 Madison Avenue, New 
York 16, N. Y.; the John Crerar Library, 86 East Randolph Street, Chicago, IIL; 
the Stanford Research Institute, Stanford, Calif.; the Georgia Institute of Tech- 
nology, Atlanta, Ga.; and the Office of Technical Services, United States Depart- 
ment of Commerce, 14th and Constitution Avenue NW., Washington 25, D. C. 

Question. Are there other reference sources? ; 

Answer. Yes. The AEC has designated 42 libraries as general depositories, 
in order to make certain that published material on atomic energy is available in 
nearly all sections of the country. These depositories receive copies of nearly all 
AEC unclassified reports. Some digging will be required to locate industrial re- 
port group items. SUM ; 

Question. Where are these general AEC depositories located? 

Answer. See appendix A for list of depository libraries by States. Re 

Question. Are the reports in these libraries and those abstracted in bibliog- 
raphies available to me if I want them in my own office? ; ’ , 

Answer. Yes. About 2,000 AEC nonclassified reports are available in full-size 
printed copy from the Office of Technical Services, United States Department of 
Commerce, Washington 25, D. C. Additionally, all other AEC reports not 
available as printed copy may be purchased from OTS as photostats or as 
microfilm. A similar service is provided by most AEC depository libraries. : 

Question. What do I have to do to keep abreast of current atomic energy 

evelopments? ; 
aa Read Nuclear Science Abstracts, a semimonthly journal published 
by the AEC, which contains abstracts and indexes of all the latest nonclassifiet 
reports prepared under the national atomic energy program as well as pertinen 

: i re d tic. NSA is available 
material from the open literature, both foreign and domes 
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for reference at the depository libraries, or may be purchased for 25 cents per 
copy or $6 per year from the Superintendent of Documents, Washington 25, D. C. 
Joint Committee on Atomic Energy reports, available through the Superintendent 
of Documents, United States Government Printing Office, also contain informa- 
tion of interest to industry and serve as another means for keeping abreast of 
developments. 

Question. Is there any good general bibliography of literature covering the 
major aspects of atomic energy? 

Answer. Yes. Unclassified Bibliographies of Interest to the Atomic Energy 
Program is a compilation of more than 550 bibliographies pertaining to many 
phases of scientific and technical work performed in the development of the 
atomic-energy field. Aerosols, alloys, bearings, catalysts, detergents, engineering 
education, furnaces, phosphors, heat transfers, microdocumentation, nuclear re- 
actors, organic synthesis, punched cards, rubber, sintering, ventilation, welding, 
and textiles are some of the 250 different subjects that are covered. This refer- 
ence book is also available for 55 cents from the Office of Technical Services, 
Department of Commerce, Washington 25, D. C. 

Question. Are there other publications which refer to the general progress of 
atomic energy and which might not be specifically indicated in those sources 
mentioned above? 

Answer. Yes, there are a great many—so many in fact that only the major ones 
are listed in appendix B. 

Question. What should I do if I find that after investigating the unclassified 
information, I need some information in an area that is classified? 

Answer. You should write to the Atomic Energy Commission, Division of 
Civilian Application, Washington 25, D. C., and ask for information about secur- 
ing an access permit. 

Question. What are the requirements for securing this access? 

Answer. Under the new program, nonmilitary information which is classified 
as “confidential, restricted data,” may be made available to any person who can 
evidence a potential use or application of the information in his business, pro- 
fession, or trade. The other conditions to this access are that the applicant 
obtain a simplified security L clearance and agree in writing to conform to all 
AEC security regulations. The Government will waive all rights in inventions 
and discoveries arising out of access to such information. Where an invention 
or discovery is made or conceived as the result of access under this program the 
applicant will waive potential claims against the Government arising from the 
imposition of secrecy orders on patent applications and for awards under the 
Atomic Energy Act of 1954. 

Under similar conditions, limited access may also be granted to certain specific 
information, classified as “secret, restricted data,” if the applicant can demon- 
strate that such information has an immediate and significant effect on his 
business, profession, or trade. However, in this case the applicant must obtain a 
full security Q clearance and the Government will retain royalty‘free non- 
exclusive rights for governmental purposes in inventions and discoveries which 
result from such access. 

Question. How long will it take to complete all the procedure necesary to re- 
ceive classified information? 

Answer. About 1144 months for access to confidential and 3 to 4 months for 
access to secret, from the time you apply to the time you complete all the security 
requirements and are eligible to receive classified data. 

Question. Will it cost anything to participate in this program? 

Answer. All persons or groups given access to restricted data will be required 
to reimburse the Government for readily identifiable costs of services rendered 
in connection with such access, including the cost of security clearances and the 
cost of publications or documents provided. 

Question. What type of information is available under this new program? 

Answer. Organizations or individuals with access to classified data will periodi- 
cally receive bibliographies of scientific reports relating to civilian uses of 
atomie energy. The organizations or individuals can then obtain any of these 
reports they may need from the AEC. In addition, the AEC is sponsoring con- 
ferences on subjects concerning civilian applications of atomic energy which will 
be open to those with access to classified data. 
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APPENDIX A 


USAEC DEPOSITORY LIBRARIES 

California: 

Berkeley, University of California General Library 

Los Angeles, University of California Library 
Colorado: Denver, Denver Public Library 
Connecticut : New Haven, Yale University Library 
District of Columbia: Washington, Library of Congress 
Florida : Gainesville, University of Florida Library 
Georgia: Atlanta, Georgia Institute of Technology Library 
Illinois: 

Chicago, John Crerar Library 

Chicago, University of Chicago Library 

Urbana, University of Illinois Library 
Indiana: Lafayette, Purdue University Library 
Iowa: Ames, Iowa State College Library 
Kentucky : Lexington, University of Kentucky Library 
Louisiana: Baton Rouge, Louisiana State University Library 
Massachusetts : 

Cambridge, Harvard University Library 

Cambridge, Massachusetts Institute of Technology Library 
Michigan: 

Ann Arbor, University of Michigan Library 

Detroit, Detroit Public Library 
Minnesota: Minneapolis, University of Minnesota Library 
Missouri: 

Kansas City, Linda Hall Library 

St. Louis, Washington University Library 
New Jersey: Princeton, Princeton University Library 
New Mexico: Albuquerque, University of New Mexico Library 
New York: 

Buffalo, Lockwood Memorial Library 

Ithaca, Cornell University Library 

New York, Columbia University Library 

New York, New York Public Library 

Troy, Rensselaer Polytechnic Institute 
North Carolina: 

Durham, Duke University Library 

Raleigh, North Carolina State College Library 
Ohio: 

Cincinnati, University of Cincinnati Library 

Cleveland, Cleveland Public Library 

Columbus, Ohio State University Library 
Oklahoma: Stillwater, Oklahoma Agricultural and Mechanical College Library 
Oregon: Corvallis, Oregon State College Library 
Pennsylvania: 

Philadelphia, University of Pennsylvania Library 

Pittsburgh, Carnegie Library of Pittsburgh 
Tennessee: 

Knoxville, University of Tennessee Library 

Nashville, Joint University Libraries 
Texas: Austin, University of Texas Library 
Utah: Salt Lake City, University of Utah Library 
Washington: Seattle, University of Washington Library 
Wisconsin: Madison, University of Wisconsin Library 
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APPENDIX B 


437 


Selected publications of the United States Atomic Energy Commission of 
particular interest to industry 


Title 


Availability of USAEC Research and 
Development Reports (TID-4550) 
(revision No. 2). 

National Nuclear Ener Series (see 
TID-4550 (revision No. 2) for titles and 

prices). 

Elements of Nuclear Reactor Theory-.-.-- 


Source Book on Atomic Energy 

Handbook on Aerosols 

Handbook on Air Cleaning 

Handbook on Liquid Metals 

Reports to USAEC on Nuclear Power 
Technology. 

Nuclear Power Reactors, vol. 2 


Atomie Power and Private Enterprise-__| - 


Guide for Contracting of Construction 
and Related Engineering Services. 


Available from 


Technical Information Service, Atomic 
Energy Commission, Post Office 
Box 62, Oak Ridge, Tenn. 

McGraw-Hill Book Co., Inc., New 
York 18, N. Y. 


D. Van Nostrand Co., Inc., New 
York, N. Y 


AEC Semiannual Reports to Congress- - resell 


Selling to AEC 
The Oak Ridge School of Reactor Tech- 
nology, 1955-56. 


Isotopes—An 8-Year Summary of United 
States Distribution. 

Metallurgy of Zirconium NNES, Divi- 
sion VII, vol. 4. 

Unclassified Bibliographies of Interest to 
the Atomic Energy Program, 
TID-3043 and TID-3043 (supple- 
ment 1). 

Principles of Nuclear Engineering 


The Role of Engineering in Nuclear 
Energy Development (TID-5031). 


Utilization of Gross Fission Products— 
TID-3046. 
Se lected Readings on Atomic Energy.... 


Neutron Cross Sections BN L-325 
Nuclear Technology, A Selected*List of 
References April 1955, TID-3075. 


The Reactor Handbook, vol. 1, Physics, 
March 1955, AEC D-3645. 

The Reactor Handbook, vol. = Engi- 
neering May 1955, AECD- 

The Reactor Handbook, -_e 3—sec. 1, 
General Properties of Materials, 
onl arch 1955, AEC D-364 
Chemical Processing aa ‘Equipment, 
= 5. 


Research Reactors, 1955 


Director, Oak Ridge School of Reactor 
Technology, Post Office Box P, Oak 
Ridge, Tenn. 


Government Printing Office.......---- 


McGraw-Hill Book Co., 
York 18, N. Y. 

Office of Technical Services, Depart- 
ment of Commerce, Washington 25, 


D. Van Nostrand Co., Inc., New 
York, N. Y. 

Office of Technical Services, Depart- 
ment of Commerce, Washington, 


Inc., New 


Superintendent of Documents, Gov- 
ernment Printing Office, Washing- 
ton 25, D.C. 

Government Printing Office........-- 

Office of Technical Services, Depart- 
meat of Commerce, Washington 25, 


D.C. 
Government Printing Office.........-- 


Free. 


Price 


See TID-4550, revision 
No. 2. 


$4.80. 
$3.40. 
$0.60. 
$0.45. 
$1.25. 
$0.25. 
$0.15. 
$1. 
$0.15. 
= 30 to 
$0.25. 
Free. 
$2. 


$10. 


$0.55; 
$0.25 


$7.95. 
$1.40. 


$0.25. 
$0.15. 


$3.50. 
$0.40. 


$4.25. 


{For release in morning newspapers, Wednesday, April 20, 1955] 


UNITED STATES ATOMIC ENERGY COM MISSION 


Washington 25, D. C. 


AEC Aporpts NEw PROGRAM FOR ACCESS TO NUCLEAR TECHNOLOGY INFORMATION 


$0.55. 


(supplement) 


Lewis L. Strauss, Chairman of the Atomic Energy Commission, today an- 
nounced a new program under which organizations or individuals may be given 
access to nonmilitary confidential and secret restricted data on atomic energy 


technology for their own private purposes. 


The program simplifies and replaces 


the provisional industrial participation program which made classified restricted 
data in the field of reactor technology available under three distinct types of 


agreements. 
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Under the new program, nonmilitary information which is classified as “con. 
fidential, restricted data,” may be made available to any person who can evidence 
a potential use or application of the information in his business, profession, or 
trade. The other conditions to this access are that the applicant obtain a sim. 
plified security (“L’’) clearance and agree in writing to conform to all AEC 
security regulations. The Government will waive all rights in inventions and 
discoveries arising out of access to such information. Where an invention or 
discovery is made or conceived as the result of access under this program the 
applicant will waive potential claims against the Government arising from the 
imposition of secrecy orders on patent applications and for awards under the 
Atomic Energy Act of 1954. 

Under similar conditions, limited access may also be granted to certain specific 
information, classified as “secret, restricted data,” if the applicant can demon- 
strate that such information has an immediate and significant effect on his busi- 
ness, profession, or trade. However, in this case the applicant must obtain a 
full security (“Q’”) clearance and the Government will retain royalty-free non- 
exclusive rights for governmental purposes in inventions and discoveries which 
result from such access. 

Present AEC contractors will be granted access to both categories of restricted 
data for private purposes on the same basis and conditions and will be granted 
the same rights as other applicants. 

All persons or groups given access to restricted data will be required to reim- 
burse the Government for readily identifiable costs of services rendered in con- 
nection with such access, including the cost of security clearances in excess of a 
certain minimum number and the cost of publications or documents provided. 

So-called study agreemepts now in effect will be converted to the new type 
arrangements. 


Form AEC-378 Budget Bureau No. 38—R073 
(5-55) Approval expires May 30, 1957 


APPLICATION FOR ACCESS PERMIT 


(For use in applying to the Atomic Energy Commission for access 
to confidential and secret restricted data on atomic energy technology, 
not primarily of military significance, for private purposes. File in 
triplicate. Use continuation sheet where necessary. ) 
1. Name of applicant 
2. Business address of applicant 
3. Description of business or occupation of applicant____.___-_____-_--___----~----- 


(b) If applicant is a corporation or other entity, 
(1) check one: 
(a) () A corporation 
(b) J) A partnership 
(c) () Other (describe) 
(2) Name the State where it was incorporated or organized 
(8) List the names, addresses, and citizenship of its principal 
offiicers ~~~ 
(4) Whether it is owned, controlled, or dominated by an alien, a foreign 
corporation, or foreign government, or by another person or corpo- 
ration so controlled 
If answer is “Yes”, furnish details on separate sheet. 

(c) Indicate whether applicant is acting as agent with respect to this ap- 
plication. If so identify principal and furnish information required 
under 4(a@) and (0b) with respect to principal 

BD. "Otns Meer Or RUne-cnte GENO NOUN 8 ncaa anansenamekwonnneewcens 
Familiarity with atomic energy technology (described briefly extent of 
knowledge of classified and unclassified data and any work previously done 
in this field including work under AEC contract or subcontract) 
7. Classification of restricted data for which access is requested 

Potential use of the restricted data in the applicant’s business, profession, 

or trade 

If secret restricted data is requested, the specific area of this data and the 

detailed reasons why it is needed by the applicant, including length of 
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10. Estimated number of individual AEC clearances which wil be required : 
11. Principal location at which restricted data will be used ; 
12. The applicant hereby agrees: 

(a) To conform to part 95 of the Commission’s regulations and all other 
applicable regulations and requirements of the Commission ; 

(b) To pay all established charges for personnel security clearances, and 
for such publication, reproduction, and other services as the Com- 
mission may furnish in connection with the access permit ; 

(c) To waive all claims for damages under section 183 of title 35 United 
States Code by reason of the imposition of any secrecy order on 
any patent application, and all claims for just compensation under 
section 173 of the Atomic Energy Act of 1954, with respect to any 
invention or discovery made or conceived in the course of, in con 
nection with, or under the terms of the access permit granted by 
Commission ; 

(ad) To grant to the Commission, for governmental purposes, an irrevo- 
cable, royalty-free, nonexclusive license in, and to report to the 
Commission, any invention or discovery made or conceived as the 
result of access to secret restricted data made available in the 
course of, in connection with, or under the terms of the access 
permit; , 

(e) To waive any and all claims against the Commission and persons 
acting on its behalf that might arise in connection with the use, 
by the applicant, of any and all information supplied by them 
under the terms of the access permit ; 

(f) To obtain agreements from all individuals who will have access 
under the access permit to give effect to paragraphs (a), (c), (d) 
and (e) hereof. 

I certify that the statements made in this application are true, complete, and 
correct to the best of my knowledge and belief, and are made in good faith. 


(Applicant) 
Nasa Soil Serna ncaa pli linia dial aigitleetons ERE aes 
(Title, if any) 


Revised December 28, 1955 
OUTLINE FOR APPLICATION FOR Access TO SECRET RESTRICTED DATA 


1. Identify scope of Secret Restricted Data to which access is required by 
indicating which of the following categories is needed. 


Category No. Title 


Chemistry—General 
Chemistry—Radiation and Radiochemistry 
Chemistry—Separation Processes for Plutonium and Ura- 
nium 
Chemistry—Transuranic Elements 
a aa i Controlled Thermonuclear Processes 
C~46 Criticality Hazards 
C41 Health and Safety 
C-% Isotope Separation 
Instrumentation 
Din ipatidatstpeeene dana Metallurgy and Ceramics 
SLs ss accessible cates Metallurgy—Raw Materials 
C-28 Particle Accelerators and High Voltage Machines 
C-34 Physics and Mathematics 
stsehcieeechetienin dete Radiation Effects on Reactor Materials 
Reactors—Production 
Reactors—Research and Testing 
Reactors—Power 
Technology—Feed Materials 


Technology—Hanford Processes 
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Category No. Title 
Technology—Plutonium 


Technology—Savannah River Processes 


Technology—Tritium 
Radioactive Waste 

Norge.—Scope notes for these categories are attached. The one marked with an asterisk 
is classified Confidential and will be provided on request to properly cleared applicants 
who need it. 

2. Describe need for information in each of these categories in the business, 
profession, or trade of the applicant. Such information as specific research, 
design, planning, construction, or operating projects; studies or evaluations 
contemplated; or work performed for other organizations requiring access to 
Secret Restricted Data; and explanation why access to Confidential Restricted 
Data is not adequate, should be included. Please, submit the statement in 
triplicate. 

SCOPE NOTES 


C-4: Chemistry—General 


This category includes such information as the relatively unspecialized and 
fundamental chemistry of elements and their compounds through element 92. 
It includes, out is not limited to the following: 

1. Chemical properties, reactions, and corrosion studies. 

2. Laboratory scale preparations and purification. 

8. Physical chemistry including chemical thermodynamics, chemical kinetics, 
and crystal structure. 

4. Analytical methods, including mass spectroscopy. 

5. General chemical engineering theory, design, construction, and/or testing 
of laboratories and equipment of interest to chemists and chemical engineers. 

See also categories C—7, C-10, C-16, C-55 for specialized applications. 


C-7: Chemistry—Radiation and Radiochemistry 


This category includes such information as: 

1. The chemical effects of radiation on matter. 

2. The production of radioisotopes. 

3. The chemical isolation and purification of radiosotopes and their compounds. 
4, The chemistry of radioactive substances, including fission products. 

5. The preparation of labeled compounds. 

6. Tracer chemistry. 

7. Effect of radiation on chemical reactions. 

See also categories C—4, C—10, and C-—16. 


C-10: Chemistry—Separation Process for Plutonium and Uranium 


This category includes information : 

1.The chemistry and chemical engineering of processes for the separation, 
decontamination, and processing of plutonium and uranium from materials or 
solutions containing real or simulated fission products, 

2. The separation of U-233 from irradiated thorium, including the decontami- 
nation and purification of the U-233 and irradiated thorium. 

3. Development work, chemical engineering problems, and pilot plant runs 
pertaining to the program of recovery of uranium from Hanford and Oak Ridge 
National Laboratory process solutions remaining after plutonium removal. 

See also categories C—25, C-47, C-68, C-55 and C-78. 


C-16 : Chemistry—Transuranic Elements 


This category includes information on the chemistry of the transuranic ele- 
ments and their compounds. 


C-—20: Controlled Thermonuclear Processes 


This category includes information on the theory, design, development, and 
operation of experiments relating to the controlled release of energy from 
thermonuclear reactions. 

Information relating to thermonuclear weapons is specifically excluded. 
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C46: Criticality Hazards 


This category includes information on: 

1. Critical mass experiments. 

2. Safety precautions in conducting critical mass experiments. 

3. Safe processing and storage of special nuclear materials. 

This category does not include information on reactor hazards or critical 
experiments in support of reactor design (see categories C-42, C-80, and C-81). 


C41: Health and Safety 


This category includes reports on biological and medical studies applicable 
directly to the health and safety of personnel and therefore dealing with such 
topics as toxicities, tolerance and maximum allowable concentrations, clinical 
tests and criteria of injury, industrial diseases, protective measures and safety 
procedures, personnel decontamination, and therapeutic measures with respect 
both to radioactive and other toxic agents. 


C-22: Isotope Separation 


This category includes information on: 

1, Any method (except gaseous diffusion) of separating one or more isotopes 
of an element from a mixture of isotopes of that element. 

2. Design, construction, and operating of the electromagnetic separation 
process. 

3. Production and isolation of stable isotopes. 

4. Special methods such as those for the separation of boron and hydrogen 
isotopes. 

See also categories C—28 and C-34. 


C-37: Instrumentation 


This category includes reports whose primary function is to describe the 
design, development, construction, testing, or evaluation of instruments of all 
types. 

In general the only classified reports in this category are those which describe 
classified applications. 


C-25: Metallurgy and Ceramics 


This category includes information on: 

1. Metallurgy, including reduction to metal, of non-fissionable substances, 
thorium, uranium 233, and all isotopic mixtures of uranium 235 and uranium 238. 

2. Ceramics and refractories which do not directly or exclusively pertain to 
plutonium technology (see category C-55). 

3. Corrosion studies on uranium metal, alloys, and reactor elements. 

4. Design and methods of manufacture, coating, canning, and testing uranium 
reactor fuel elements, including those for production reactors. 

5. Laboratory-scale electrolytic deposition of high-purity uranium. 

6. Laboratory-scale pyrometallurgical studies toward separation of uranium 
and fission products. 

See also category C-—40. 


C-26: Metallurgy—Raw Materials 


This category includes information on: 

1. Uranium, thorium, zirconium, beryllium ore and mineral beneficiation. 

2. Design, development, and equipment relating to raw materials technology. 

3. Analytical procedures pertaining to ore beneficiation. 

4. Chemical research directed toward the solution of raw materials process- 
ing problems. 

5. Pilot plant, semiworks, or larger scale process design and flow sheets for 
beneficiation and concentration. 


C-28: Particle Accelerators and High-Voltage Machines 


This category includes reports on the design, development, construction, and 
operation of high-voltage machines and particle accelerators, including Van 
de Graaf generators, linear accelerators, cyclotrons, synchrotons, bevatrons, 
X-ray machines, etc. 
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C-34: Physics and Mathematics 


This category is intended to cover basic physics and mathematics and includes, 
but is not limited to, the following: 
Nuclear characteristics of all elements. 
General theory of neutron diffusion and fundamental reactor theory. 
Basic theory of shielding design and construction problems. 
Mathematical theory and methods. 
Mechanics, sound, and shock. 
General heat-transfer and fluid-flow studies. 
Basic theory of thermal diffusion, gaseous diffusion, and electromagnetic 
methods of isotope separation. 

8. High-voltage breakdown in vacuum, insulation in vacuum, ete. 

9. Experimental data on ion cross sections for electrons, ions, secondary 
emissions, etc. 

10. The general phenomena of disc harges in magnetic fields. 


Reyactaem 


C—40: Radiation Effects on Reactor Materials 


This category includes reports on the effects of radiation on reactor con- 
ponents, for example: Wigner effect, blisterings, etc., and reports on the effects 
of radiation on plastics, lubricants, ete. 

See also category C-—T7. 


C42: Reactors—Production 


This category includes information on: 
1. Theory, design, construction, and operation of Hanford and Savannah 


River production reactors, and any reactor proposed for sarge sents production 


of special nuclear materials. 
2. The effects of radiation on graphite and other structural materials which 


clearly relate to production reactors. 


C-80: Reactors—Research and Testing 


This category includes information on: 

1. Theory, design, construction, and operation of nuclear reactors used pri- 
marily as a source of neutrons for the purpose of conducting experimental 
studies on neutron or other particle interactions with matter, or medical or 
biological research and application. 

2. Fundamental shielding studies. 

3. Basic nuclear research with reactors. 

4. The production of nonfissionable isotopes. 

5. Fundamental studies in breeding. 

This category does not include: 

1. Power reactors or experimental power reactors (see category C-—81). 

2. Classified defense information on reactors for military purposes. 


C-81: Reactors—Power 


This category includes information on: 

1. Theory, design, construction, and operation of nuclear reactors (including 
experimental power reactors) whose primary purpose is the production of 
power. 

2. Economic, fundamental feasibility, development, and design aspects of 
power reactors or experimental power reactor components. 

8. Reactor technology and closely related topics pertaining to military reactors 
which are dissociated from military utilization systems. 

This category does not include: 

1. Classified defense information on nuclear power plants for military pul 
poses. 

2. Information concerning reactors for research or testing purposes. 

3. Theory, design, and construction of production reactors. 

4. Critical mass experiments or other physics data not related to specific 
power reactor design. 
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C47: Technology—Feed Materials 


This category includes information on: 

1. Chemical research and development directed toward large-scale production 
of intermediate and feed materials, e. g., UO2, UOs, UF4, UF's, ThO2, ThF, etc. 

2. Refinery process development work for uranium ores and concentrate. 

3. Uranium recovery procedures for scrap materials, residues, and effluents. 

4, Quality control procedures pertinent to production of high-purity uranium 
compounds. 

5. Design, construction, and operational procedures for pilot-plant equipment. 

See also category C-—25. 


C-66, C-67, C-68: Technology—Hanford Processes 


These categories include information on the design, construction, operation, 
and technology of present or proposed Hanford processes and reactors which 
is not included in categories C—25, C-42 and C-10 because it reveals operating 
levels, rates, and other production data. 

C-66: Fuel element technology (but see category C-25). 

C-67: Reactor technology (but see category C—42). 

0-68: Separations process technology (but see category C—10). 


C-55: Technology—Plutonium 


This category includes reports not involving weapon data on: 

1. Reduction of plutonium compounds to metal. 

2. Metallurgy of plutonium and its alloys. 

3. Chemistry involved in final purification of plutonium compounds, plutonium 
metal production, and fabrication. 


4. Special analytical techniques required to determine the purity of weapon 
grade plutonium. 


5. Procedures for recovery of plutonium from scrap materials, residues, etc. 


See also categories C-10, C-16. 


C-—76, C—77, C-—78: Technology—Savannah River Processes 


These categories contain information on the design, construction, operation, 
and technology of present or proposed Savannah River processes and reactors 
which is not included in categories C-25, C-42 and C-10 because it reveals 
operating levels, rates, and other production data: 

C-76: Fuel element technology (but see category 25). 

C-77: Reactor technology (but see category C-—42). 

C-78: Separations process technology (but see category C-10). 


C-56: Technology—tTritium 


The scope note for this category is classified Confidential. It will be sent 
upon request to properly cleared persons who need it. 


C-70: Radioactive Waste 


This category includes research and development reports on: 

1. Chemical and chemical engineering problems incidental to the storage and 
disposal of waste radioactive materials, both natural and artificial. 

2. Decontamination measures for process equipment and other contaminated 
surfaces. 


3. Meteorological and geological information applied to problems of radio- 
active waste disposal or storage. 
4. Air cleaning, control, and disposal of radioactive effluents. 


ATOMIC ENERGY COMMISSION 
10 CFR 25 


Access To Restrictep DATA; Norice Or Propos—ep RULEMAKING 


Notice is hereby given that adoption of the following rules is contemplated. 
All interested persons who desire to submit written comments and suggestions 
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for consideration in connection with the proposed rules should send them to 
the United States Atomic Energy Commission, Washington 25, D. C., Attep-. 
tion: Director, Division of Licensing, within 30 days after publication of this 
notice in the Federal Register. 


_ 


Part 25—AccesS TO RESTRICTED DATA 


GENERAL PROVISIONS 
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Definitions 
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ENFORCEMENT 


Violations 
AUTHORITY: Secs. 25.1 to 25.16 issued under sec. 161 (q), 68 Stat. 951, 42 U. S. C. 2201. 


GENERAL PROVISIONS 


§ 25.1 Purpose. The regulations in this part are promulgated by the Atomic 
Energy Commission to establish procedures and criteria for permitting persons 
to have access to Confidential or Secret Restricted Data relating to civilian uses 
of atomic energy. Restricted Data which is primarily of military significance 
is not within the scope of this part. 

§ 25.2 Scope. The regulations in this part apply to any person within or under 
the jurisdiction of the United States who desires access to the Restricted Data 
described above for use in his business, profession, or trade. 

§ 25.3 Definitions. As used in this part: 

(a) “Commission” means the Atomic Energy Commission or its duly author- 
ized representatives. 

(b) “Person” means (1) any individual, corporation, partnership, firm, asso- 
ciation, trust, estate, public or private institution, group, Government agency 
other than the Commission, any State or any political subdivision of, or any 
political entity within a State, or other entity; and (2) any legal successor, 
representative, agent, or agency of the foregoing. 

§ 25.4 Interpretations. Except as specifically authorized by the Commission 
in writing, no interpretation of the meaning of the regulations in this part by 
any officer or employee of the Commission other than by the General Manager, 
the General Counsel, or the Director, Division of Licensing, in writing, will 
be recognized to be binding upon the Commission. 

25.5 Communications. All communications concerning the regulations in this 
part, and applications filed under them, should be addressed to the United States 
Atomie Energy Commission, 1901 Constitution Avenue NW., Washington 25, 
D. C., Attention: Director, Division of Licensing. 

§ 25.6 Applications. (a) All persons requesting access to Confidential or 
Secret Restricted Data, pursuant to this regulation, shall file an application for 
an Access Permit with the Commission on the Application Form AEC , in 
accordance with instructions accompanying the Form. 

(b) The application form, AEC————,, will require the applicant to set forth 
the following information: 1. Name of applicant; 2. Business address of appli- 
cant; 3. Description of business or occupation of applicant; 4.(a@) If applicant is 
an individual, indicate citizenship ; age; (>) if applicant is a corporation or other 
entity, indicate: (1) the State where it was incorporated or organized; (2) 
the names, addresses, and citizenship of its principal officers; (3) whether it 
is owned, controlled, or dominated by an alien, a foreign corporation, or foreign 
government, and if so give details; (c). Indicate whether applicant is acting as 
agent with respect to this application; if so identify principal and furnish infor- 
mation required under 4.(@) and (0b) with respect to principal; 5. Total num- 
ber of full-time employees; 6. Familiarity with atomic energy technology (de 
scribe briefly extent of knowledge of classified and unclassified data and any 
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work previously done in this field including work under AEC contract or sub- 
contract) ; 7. Classification of Restricted Data for which access is requested; 
8. Potential use of the Restricted Data in the applicant’s business, profession, 
or trade; 9. If Secret Restricted Data is requested, the specific area of this data 
and the detailed reasons why it is needed by the applicant, including length of 
time; 10. Estimated number of individual AEC clearances which will be re- 
quired ; 11. Principal location at wihch Restricted Data will be used. 

(c) All statements made in an application for an access permit shall be deemed 
to be incorporated in and made a part of the permit issued thereon. 

§ 25.7. Additional information. The Commission may, at any time after the 
filing of the original application and before the termination of the permit, re- 
quire additional information in order to enable the Commission to determine 
whether the permit should be granted or denied or whether it should be modi- 
fied or revoked, 

§ 25.8 Requirements for approval. (a) Any applicant who executes the appli- 
cation form, AEC : 

(1) may be granted an access permit for Confidential Restricted Data 
if he has evidenced a potential use or application of such data in his busi- 
ness, profession, or trade; and 

(2) may be granted an access permit for Secret Restricted Data if he 
has evidenced a need, limited to a definite period cf time, for specific in- 
formation having an immediate or significant effect upon his business, pro- 
fession, or trade. 

(b) Any person who is a citizen or national of a foreign country, and any 
person who the Commission knows or has reason to believe, is owned, controlled, 
or domiuated by, or is acting as agent with respect to an application hereunder 
for, an alien, foreign corporation, or foreign government, shall be ineligible to 
obtain an access permit pursuant to this part. 

§ 25.9. Terms and conditions of access. (a) Neither the Commission nor per- 
sons acting on behalf of the Commission will make any warranty with respect 
to any information made available pursuant to an access permit. 

(b) The Commission will waive, under section 152 of the Atomic Energy Act 
of 1954, (1) its rights in inventions and discoveries made or conceived in the 
course of, in connection with, or resulting from access to Confidential Restricted 
Data provided under the terms of an access permit, and (2) its rights, except 
an irrevocable, royalty-free, nonexclusive license for governmental purposes, in 
inventions and discoveries made or conceived as a result of access to Secret 
Restricted Data obtained in the course of, in connection with, or under the terms 
of an access permit. 

(c) The applicant must agree: 

(1) to conform to part 95 of the Commission’s regulations and all other 
applicable regulations and requirements of the Commission ; 

(2) to pay all established charges for personnel security clearances, and 
for such publication, reproduction, and other services as the Commission 
may furnish in connection with the access permit; 

(3) to waive all claims for damages under section 183 of title 35 United 
States Code, by reason of the imposition of any secrecy order on any patent 
application, and all claims for just compensation under section 173 of the 
Atomie Energy Act of 1954, with respect to any invention or discovery made 
or conceived in the course of, in connection with, or under the terms of the 
access permit granted by the Commission ; 

(4) to grant to the Commission, for governmental purposes, an irrevocable, 
royalty-free, nonexclusive license in, and to report to the Commission, any 
invention or discovery made or conceived as the result of access to Secret 
Restricted Data made available in the course of, in connection with, or 
under the terms of the access permit; 

(5) to waive any and all claims against the Commission and persons act. 
ing on its behalf that might arise in connection with the use, by the applicant, 
of any and all information supplied by them under the terms of the access 
permit ; 

(6) to obtain agreements from all individuals who will have access under 
the access permit to give effect to paragraphs 1, 3, 4, and 5 hereof. 

§ 25.10 Issuance. Upon a determination that an application meets the re- 
quirements of the act and the regulations of the Commission, the Commission will 
issue to the applicant an access permit on form AEKC———.. 

NoTp: An access permit is not a security clearance and does not authorize any individual 


hot having an appropriate AEC security clearance to receive Restricted Data. See scction 
25.11 below and part 95 of the Commission’s regulations. 
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§ 25.11 Administration. The Commission office designed to administer an 
access permit will: 

(a) Process all personnel security clearances requested in connection with 
the permit; and 

(b) Review the procedures submitted by the applicant, in accordance with 
part 95 of these regulations, for the safeguarding of Restricted Data. 

§ 25.12 Term and renewal. Wach access permit shall continue in effect for » 
1-year term unless otherwise stated in the permit, and may be renewed by the 
Commission upon the filing by the applicant, in accordance with section 25.6 of 
this part, of an application for renewal showing that he still satisfies the require- 
ments of sections 25.8 of this part. 

§ 25.13 Assignment. An access permit is nontransferable and nonassignable, 

§ 25.14 Modification. (a) An access permit may be modified from time to 
time upon application by the person to whom it is issued. An application for 
modification shall be filed in accordance with section 25.6 of this part and shall 
specify the nature of and the basis for the modification requested. 

(b) The Commission may modify an access permit from time to time, as 
it deems necessary in accordance with Commission regulations. 

25.15 Termination. The Commission may terminate or suspend any access 
permit for cause, including, but not limited to, a material false statement in 
the application, revealed conditions or facts which would have warranted a re- 
fusal to grant the authorization in the first instance, or for violation of or failure 
to observe any of the terms and conditions of the Atomic Energy Act of 1954 
or Commission regulations. 


ENFORCEMENT 


§ 25.16 Violations. An injunction or other court order may be obtained 
prohibiting any violation of any provision of the act or any regulation or order 
issued by the Commission under the act. 

Dated at Washington, D. C., this ———— day of ———————- 1955. 

K. BE. Fretps, General Manager. 

Certified to be a true copy of the original. 


ATOMIC ENERGY COMMISSION 
10 CFR 95 
SAFEGUARDING OF RESTRICTED DATA; NOTICE OF PROPOSED RULEMAKING 


Notice is hereby given that adoption of the following rules is contemplated. 
All interested persons who desire to submit written comments and suggestions 
for consideration in connection with the proposed rules should send them to the 
United States Atomic Energy Commissjon, Washington 25, D. C., Attention: 
Director, Division of Licensing, within 30 days after publication of this notice 
in the Federal Register. 


PaRkT 95—SAFEGUARDING OF RESTRICTED DATA 
GENERAL PROVISIONS 


Purpose 
Scope 
Definitions 
Communications 
Submission of procedures by licensee 
Exemption for Department of Defense 
Specific waivers 
Interpretations 
PHYSICAL SECURITY 


95.21 Protection of Restricted Data in storage 
95.22 Protection while in use 

95.23 Establishment of security areas 

95.24 Special kinds of classified material 

95.25 Security area controls 

95.26 Protective personnel 

95.27 Identification 
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CONTROL OF INFORMATION 


Access to Restricted Data 
Classification and preparation of documents 
External transmission of documents and material 
Accountability for secret documents 
Authority to reproduce 
Changes in classification 
Destruction of documents containing Restricted Data 
Reports 
Inspection 
Violations 
AvTHORITY : Secs. 95.1 to 95.40 issued under sec. 1611 and p. 68 Stat. 948, 42 U. S. C. 
2201. 


GENERAL PROVISIONS 


$95.1 Purpose. This part establishes requirements for the safeguarding of 
Secret and Confidential Restricted Data. It does not apply to Top Secret Re- 
stricted Data. Top Secret Restricted Data shall be safeguarded in accordance 
with specific instructions from the Commission. 

§95.2 Scope. This part applies to all persons within or under the jurisdic- 
tion of the United States. 

§95.3 Definitions. As used in this part— 

(a) “Act” means the Atomic Energy Act of 1954 (68 Stat. 919), including any 
amendments thereto ; 

(b) “Commission” means the Atomic Energy Commission or its duty author- 
ized representatives ; 

(c) “Document” means any piece of recorded information regardless of its 
physical form or characteristics ; 

(d) “L clearance” means a clearance for access to Confidential Restricted 
Data; 

(e) “Licensee” means any person who is the holder of a license issued by 
the Commission pursuant to the act; 

(f) “Person” means (1) any individual, corporation, partnership, firm, asso- 
ciation, trust, estate, public or private institution, group, Government agency 
other than the Commission, any State or any political subdivision of, or any 
political entity within a State, any foreign government or nation or any political 
subdivision of any such government or nation, or other entity; and (2) any 
legal successor, representative, agent or agency of the foregoing; 

(g) “Q clearance” means a clearance for access to Secret as well as Con- 
fidential Restricted Data; 

(h) “Restricted Data” means all data concerning (1) design, manufacture or 
utilization of atomic weapons; (2) the production of special nuclear material; 
or (3) the use of special nuclear material in the production of energy, but shall 
not include data declassified or removed from the Restricted Data category 
pursuant to section 142 of the act; 

(i) “Security area” means a physically defined space, access to which is sub- 
ject to security restrictions and control; 

(j) “United States,’ when used in a geographical sense, includes all Territories 
and possessions of the United States, and the Canal Zone. 

§ 95.4 Communications. All communications concerning the regulations in 
this part should be addressed to the United States Atomic Energy Commission, 
Washington 25, D. C., Attention: Division of Licensing. 

§ 95.5 Submission of procedures by licensee. No licensee shall receive or 
possess Restricted Data until he shall have submitted to the Commission a written 
statement of his procedures for the safeguarding of Restricted Data and for the 
security education of his employees and the Commission shall have determined 
and informed the licensee that his procedures for the safeguarding of Restricted 
Data constitute compliance with this part and that his procedures for the security 
education of his employees are designed to assure that all his employees who 
will have access to Restricted Data are informed about and understand this part. 

§ 95.6 Exemption for Department of Defense. This section does not apply 
to the Department of Defense or its agencies, or to contractors of the Depart- 
a of Defense with respect to restricted data in their possession as such con- 
ractors., 

§ 95.7 Specific waivers. The Commission may, upon application of any in- 
terested party, grant such waivers from the requirements of this part as it deter- 
mines are authorized by law and will not constitute an undue risk to the common 
defense and security. 


70101—56—vol. 2———30 
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§ 95.8 Interpretations. Except as specifically authorized by the Commission 
in writing, no interpretatior: of the meaning of the regulations in this part by 
any officer or employee of the Commission other than a written interpretation by 
the General Manager, the General Counsel, or the Director of the Division of 
Licensing will be recognized to be binding upon the Commission. 


PHYSICAL SECURITY 


§ 95.21 Protection of Restricted Data in storage—(a) Secret. Secret docv- 
ments and material, while not in use, shall be stored in a manner at least as secure 
as one of the following: 

(1) In a locked vault, safe, or safe-type steel file cabinet secured by a stee] 
lock bar and a 3-position dial-type, changeable combination padlock, with the 
vault, safe, or cabinet located in a place either subject to periodic patrol by pro- 
tective personnel or under such automatic alarm protection as the Commission 
may approve. 

(2) In a locked steel file cabinet when protective personnel are posted on the 
premises in which the cabinet is located or when the cabinet is located in a place 
under such automatic alarm protection as the Commission may approve. 

(b) Confidential. Confidential documents and material, while not in use, shall 
as a minimum requirement be stored in a steel file cabinet, secured by a steel 
lock bar and a 3-position dial-type combination padlock from which the manv- 
facturer’s identification number has been obliterated. 

(c) Changes of combination. Combination on locks of safekeeping equipment 
shall be changed whenever such equipment is placed in use after procurement 
from the manufacturer or other source, whenever a person knowing the combina- 
tion leaves the employ of the person in control of such equipment, or whenever 
the combination has been subjected to compromise, and in any event at least 
once each year. Records of combinations shall be classified no lower than the 
highest classification of the documents and material authorized for storage in 
the safekeeping equipment concerned. 

§ 95.22 Protection while in use. While in use, documents and material con- 
taining Restricted Data shall be under the direct control of an appropriately 
cleared person and shall be capable of being removed from sight immediately. 

§ 95.28 Hstablishment of security areas. When, because of their nature or 
size, it is impracticable to safeguard documents and material containing restricted 
data in accordance with the provisions of sections 95.21 and 95.22, a security area 
to protect such documents and material shall be established. Regulations appli- 
cable to security areas are set forth in sections 95.25 through 95.27. 

§ 95.24 Special kinds of classified material. When the restricted data con- 
tained in material is not ascertainable by observation or examination at the 
place where the material is located and when the material is not readily remov- 
able because of size, weight, radioactivity, or the like, then it shall not be neces- 
sary to safeguard such material in the manner provided by sections 95.21 through 
95.23 but such protection commensurate with the difficulty of removing the ma- 
terial, as the Commission may approve, shall be provided. 

§ 95.25 Security area controls. The following controls shall apply to se- 
curity areas: 

(a) Security areas shall be separated from adjacent areas by a physical 
barrier designed to prevent entrance to such areas and access to the re 
stricted data within the area. , 

(b) During working hours admittance shall be controlled by a person posted 
at each unlocked entrance. 

(c) During nonworking hours admittance shall be controlled by protective 
personnel on patrol, with protective personnel posted at unlocked entrances, 
or by such automatic alarm systems as the Commission may approve. 

§ 95.26 Protective personnel. Whenever protective personnel are required by 
section 95.25 or when specifically required by the Commission, such protective 
personnel shall, 

(a) Possess an L clearance if the Restricted Data being protected is classi- 
fied Confidential or Q clearance if the Restricted Data being protected is clas- 
sified Secret. 

(b) Be armed with sidearms of not less than .38 caliber. 

§ 95.27 Identification. Each person authorized to enter a security area shall 
be issued a distinctive badge or pass where the number of employees assigned 
to the area exceeds 30. 
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CONTROL OF INFORMATION 


§ 95.81 Access to Restricted Data. No person possessing Restricted Data 
shall permit any individual to have access to Confidential Restricted Data unless 
such individual has an L or Q clearance or permit any individual to have access 
to Secret Restricted Data unless such individual has a Q clearance. Any per- 
son possessing Restricted Data may permit any individual with an L or Q 
clearance to have access to Confidential Restricted Data pertaining to civilian 
applications of atomic energy. Any person possessing Restricted Data may 
permit any appropriately cleared individual in his organization to have access 
to such other Restricted Data as such individual requires in the performance 
of his duties. Except as provided above, no person possessing Restricted Data 
shall permit any individual to have access to Restricted Data without prior 
authorization from the Commission. 

§ 95.82 Classification and preparation of documents.—(a) Classification. 
Restricted Data which may be originated by any person authorized to have access 
to Restricted Data shall be classified in accordance with guides furnished by the 
Commission. 

(b) Classification consistent with content. Each document containing Re- 
stricted Data shall be classified Secret or Confidential according to its own 
content. 

(c) Classification marking. Unless otherwise authorized below, the assigned 
classification of a document shall be conspicuously marked or stamped at the 
top and bottom of each page and on the front cover, if any, and the document 
shall bear the following additional marking on the first page and on the front 
cover : 

RESTRICTED DATA 


This document contains Restricted Data as defined in the Atomic Energy Act 
of 1954. Its transmittal or the disclosure of its contents in any manner to an 
unauthorized person is prohibited. 

(d) Documentation. All Secret documents shall bear on the first page a 
properly completed documentation stamp such as the following: 


The series designation shall be a capital letter beginning with the letter A 
designating the original set of copies prepared. Each subsequent set of cop- 
ies of the same documents shall be identified by the succeeding letter of the 
alphabet. 

(e) Letter of transmittal. A letter transmitting Restricted Data shall be 
marked with a classification at least as high as its highest classified enclosure. 
When the contents of the letter of transmittal warrant lower classification or 
require no classification, a stamp or marking such as the following shall be 
used on the letter: 


When separated from enclosures handle this document as 


(f) Permanently fastened documents. Classified books or pamphlets 
the pages of which are permanently and securely fastened together shall be 
conspicuously marked or stamped with the assigned classification at the top and 
bottom on the outside front cover, on the title page, on the front page and on 
the inside and outside of the back cover. 

(g) Physically connected documents. The classification of a file or group of 
physically connected documents shall be at least as high as that of the most 
highly classified document therein. It shall bear only one overall classification, 
although pages, paragraphs, sections, or components thereof may bear different 
classifications. Each document separated from the file or group shall be handled 
in accordance with its individual classification. 

(h) Attachment of security markings. Documents which do not lend them- 
selves to marking or stamping will have securely affixed or attached a tag, sticker, 
or similar device bearing the appropriate security markings. 

Section 95.33 Eaternal transmission of documents and material—(a) Re- 
striction. Documents and material containing Restricted Data shall be trans- 
mitted only to individuals (1) who are appropriately cleared, and (2) who 
possess facilities for its physical security consistent with this part. Any person 
transmitting such documents and material shall be deemed to have fulfilled his 
obligations under this subparagraph by securing a written certification from 
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the prospective recipient that such recipient possesses facilities for its physica] 
security consistent with this part. 

(b) Preparation of documents. Documents containing Restricted Data shal) 
be prepared for transmission outside an individual installation in accordance 
with the following: 


(1) They shall be enclosed in two sealed opaque envelopes or wrappers for 
transmission. 

(2) The inner envelope or wrapper shall be addressed in the ordinary manner 
and sealed with tape, the appropriate classification shall be placed on both 
sides of the envelope, and the additional marking referred to in section 95.32 (¢) 
shall be placed on the face of the envelope. 

(3) The outer envelope or wrapper shall be addressed in the ordinary manner 
and shall not contain any indication that the document enclosed therein contains 
Restricted Data. 

(4) A receipt accompanying the document, which identifies the document, the 
date of transfer, the recipient, and the person transferring the document shall 
be prepared by the sender and shall be signed by the recipient and returned to 
the sender whenever the custody of a Secret Document is transferred. 

(c) Preparation of material. Material containing Restricted Data shall be 
prepared for shipment outside an individual installation in accordance with 
the following: 

(1) The material shall be so packaged that the classified characteristics will 
not be revealed. 

(2) A receipt accompanying the material which identifies the material, the 
date of shipment, the recipient, and the person transferring the material shall be 
prepared by the sender and the recipient shall sign such receipt whenever the 
custody of Secret material is transferred. 

(d) Methods of transportation. (1) Secret documents and material may be 
transported only by one of the following methods: 

(i) By registered mail; 

(ii) By commercial protective signature service; or 

(iii) By individuals possessing appropriate AEC security clearance who 
have been given written authority by their employers. 

(2) Confidential documents and material shall be transported by one of the 
methods set forth in subparagraph (1) of this paragraph except that: 

(i) Confidential material may be shipped in sealed carload or truckload 
lots where the bill of lading requires the carrier to check the seals en route 
to and at destination, or in planeload lots where the bill of lading requires 
the carrier to maintain continuous surveillance of the cargo until delivery to 
the consignee. 

(ii) Confidential material of less than carload, truckload, or planeload 
lots may be shipped by regular commercial carrier when the container and 
its contents weigh more than 500 pounds and such container is locked or 
sealed. 

(e) Transmission by cryptographic means. Cryptographic systems shall not 
be used for the transmission of Restricted Data unless approved by the Com- 
mission. 

(f) Transmission within the United States only. Documents or material con: 
taining Restricted Data shall not be transmitted outside the United States 
without prior authorization of the Commission. 

§ 95.34 Accountability for Secret Documents. Any person possessing documents 
containing Secret Restricted Data shall establish a document accountability 
procedure and shall maintain records to show the disposition of all such docu- 
ments which have been in his possession at anv time. 

$95.35 Authority to reproduce. Nothing in this part shall be deemed to 
prohibit any person possessing documents containing Restricted Data from 
reproducing any Confidential documents. or any Secret documents originated 
by him. He shall not reproduce any other documents containing Secret Re- 
stricted Data without prior authorization from the Commission. 

$95.36 Changes in classification. No person shall authorize the downgrading 
to a lower classification or the declassification of a document containing Re- 
stricted Data. Requests for downgrading or declassification shall be submitted 
to the Commission. If the Commission arproves a change of classification 
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or declassification, the previous classification making shall be canceled and the 
following statement, properly completed, shall be placed on the first page of 
the document: 

Classification canceled (or changed to) 


yy authority of 


(Signature of person making change and date thereof) 


Any person making a change in classification or receiving notice of such a change 
shall forward notice of the change in classification to holders of all copies as 
shown on his records. 

$95.37 Destruction of documents containing Restricted Data. Documents 
containing Restricted Data shall be destroyed only by shredding and burning, 
pulping, or by any other method that assures complete destruction of the infor- 
mation. If the document contains Secret Restricted Data, the person destroying 
the document shall make a permanent record of the subject, title, or report 
number of the document, its date of preparation, its series designation and 
report number, and the date of destruction. This record shall be signed by the 
person authorizing the destruction of the document and shall be maintained 
in the office of the last custodian. 

§ 95.388 Reports. Any contractor or licensee shall report immediately to the 
Commission all losses of documents or material containing Restricted Data. 

§ 95.39 Inspection. The Commission shall have the right to make such inspec- 
tions of the premises and activities of any person possessing Restricted Data in 
connection with any activity authorized pursuant to the act as the Commission 
deems necessary to assure compliance with the provisions of this part. 

§ 95.40 Violations. An injunction or other court order may be obtained pro- 
hibiting any violation of any provision of the act or any regulation or order 
issued thereunder. Any person who willfully violates any provision of the act 
or any regulation or order issued thereunder may be guilty of a crime and, upon 
conviction, may be punished by fine or imprisonment or both, as provided by law. 

Dated at Washington, D. C., this 12th day of April 1955. 


K. D. NicHots, General Manager. 


[F. R. Doc. 55-3115 ; Filed, Apr. 14, 1955; 8:48 a. m.] 


UNITED STATES ATOMIC ENERGY COMMISSION 
WASHINGTON, 25, D. C. 


The enclosed access permit has been granted to you for restricted data relating 
to the civilian uses of atomic energy and not primarily of military significance. 
The permit is subject to the terms and conditions set forth therein. 

The permit does not authorize any individual to receive restricted data until 
he has been given an appropriate personnel security clearance by the Commission. 
To obtain the maximum benefit from the permit, you should immediately initiate 
action to obtain clearances for your personnel and facility. 

You may communicate with ———— who will process all personnel security 
clearances requested in connection with the permit, review the procedures sub- 
mitted by the applicant in accordance with part 95 of the regulations for the 
safeguarding of restricted data, and provide information to the permittee with 
respect to the sources and location of restricted data available under his permit. 

After you have obtained personnel and facility clearances in connection with 
your access permit, you will automatically receive, without charge, periodic 
summaries of confidential reports which are available to you. 

We are also enclosing copies of the Commission’s proposed regulations on 
Access to Restricted Data (10 CFR 25) and Safeguarding of Restricted Data 
(10 CFR 95), the provisions of which are applicable to this permit. 

Very truly yours, 
H. L. PRICE, 
Director, Division of Civilian Application. 
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UNITED STATES ATOMIC ENERGY COMMISSION 
WASHINGTON 25, D. ©. 


(Note.—The access permit set forth below is not a security clearance and does 
not authorize any person not having an appropriate AEC security clearance to 
receive restricted data.) ; 

Access PERMIT 


(Name of applicant) 


is hereby granted an access permit for restricted data relating to the civilian 

uses of atomic energy and not primarily of military significance subject to 

appropriate AEC security clearances and the following limitations: 
Classification of restricted data authorized: ~----..---.------------____- ae 


This access permit is valid for 1 year from the date hereof. 

Neither the Atomic Energy Commission nor persons acting on its behalf 
make any warranty with respect to any information made available pursuant to 
this access permit. 

This access permit is issued on the basis of an application filed by the applicant 
named above, which application is incorporated herein and made a part hereof. 

In issuing this access permit, the Commission hereby waives, under section 
152 of the Atomic Energy Act of 1954, (1) its rights in inventions or discoveries 
made or conceived in the course of, in connection with, or resulting from access 
to confidential restricted data provided under the terms of this access permit, 
and (2) its rights, except an irrevocable royalty-free, nonexclusive license: for 
governmental purposes, in inventions and discoveries made or conceived and 
which result from access to secret restricted data obtained in the course of, in 
connection with, or under the terms of this access permit. 

The Commission may terminate or suspend this access permit for cause, in- 
cluding, but not limited to, a material false statement in the application, revealed 
conditions or facts which would have warranted a refusal to grant the permit 
in the first instance, or for violation of or failure to observe any of the terms 
and conditions of the Atomic Energy Act of 1954 or Commission regulations. 
The Commission may also renew this access permit or modify it at any time in 
accordance with Commission regulations. 


Director, Division of Civilian Application. 


CoMMUNICATION From Pane, tro Derense DEPARTMENT, 
Aveust 10, 1955 


= ~ ~ * of = * 


It would be appreciated if you could have prepared for the con- 
sideration of the panel a statement of the position of the Department 


of Defense with regard to secrecy and declassification as they relate 
to peaceful uses of atomic energy. * * * 
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CoMMUNICATION From Dsrenss DEPARTMENT 
SEPTEMBER 14, 1955 


OFFICE OF THB SECRETARY OF DEFENSE 
WASHINGTON 25, D. C. 


STATEMENT OF POLICY ON SECRECY AND DECLASSIFICATION AS RELATED 
TO PEACEFUL USES OF ATOMIC ENERGY 


In accordance with the Atomic Energy Act of 1954 and the National 
Security Policy, the Department of Defense supports the dissemina- 
tion and declassification of information pertaining to the peaceful 
uses of atomic energy in such a manner as to assure the common defense 
and security. 

Defense information that may be useful to the peaceful uses of 
atomic energy must be continually surveyed with a purpose to declas- 
sify that information which will materially enhance progress. When- 
ever possible this information should be made available to both do- 
mestic and foreign sources to provide the free interchange of ideas 
and criticism essential to scientific and industrial progress. Reci- 
procity in the exchange of such information with foreign nations is 
to be encouraged in every possible way. 

To assure the common defense and security, the Department of 
Defense believes that, prior to declassification of any item of defense 
information, the advantage of declassification and the value to the 
common defense and security must be carefully weighed. 

A whole may deserve a classification higher than that of its parts. 
Declassification should not be permitted to such an extent that some 
of our most guarded secrets in the military applications of atomic 
energy may be derived by foreign intelligence. 

The Atomic Energy Ret of 1954 specifies procedures by which clas- 
sified atomic energy information is to be declassified and published. 
It is specified that information relating primarily to the military 
utilization of atomic weapons cannot be published unless, in the joint 
judgment of the or asa of Defense and the Atomic Energy 
Commission, its publication will not adversely affect the common 
defense and security. Further, the law requires that the determina- 
tion that such information does or does not relate primarily to the 
military utilization of atomic weapons be made by the Department 
of Defense and the Atomic Energy Commission jointly. 

There are items of information which could have application to the 
peaceful uses of atomic energy but which might reveal information 
concerning the military utilization of weapons. The criterion by 
which the Department of Defense will agree or not agree to declassi- 
fication of such items is to measure the benefit of such information to 
peaceful uses as opposed to the detriment of such release to the com- 
mon defense and security. 
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Starr ANALYsIS OF Repiies TO CIRCULAR QUESTIONNAIRE ON 
CLASSLFICATION AND PROTECTION OF INFORMATION 


In the course of its study of the activities of the Atomic Energy 
Commission as they affect the present and future impact of the peace- 
ful applications of atomic energy, the panel sent a circular letter to 
all persons and organizations who presently have or have filed for an 
AEC access permit, requesting their views on current policies relating 
to the classification and protection of information in the field of 
nuclear energy. 

The response.—The replies reflected many different shadings of 
opinion but one main theme which emerged from the correspondence 
was that America’s progress in developing peaceful uses of atomic 
energy is directly related to the availability of necessary technological 
information, and that the more rapidly the Government makes such 
information available in usable form, the greater will be the rate of our 
advancement in peaceful applications. A second main theme which 
ran through the correspondence was general concern over the rigid 
requirements of the present security system which cause considerable 
inefficiency and delay and result in substantial indirect costs in some 
instances. It was felt by many that greater flexibility in the security 
program would remove a major barrier to progress and would assist 
measurably in speeding peaceful applications. 

Responses totaled 62 percent of all those circulariaed, 296 out of 481. 
Broken down by occupation, total replies in each category were as 
follows: 

Equipment manufacturers_-_- 
Services 

Equipment buyers 

Research 


Recipients of the letter were asked three basic questions: 

Question No. 1: What specific information in addition to that 
already published on the various peaceful uses of atomic energy does 
your organization believe must still be declassified in order to speed the 
development of any peaceful applications or advance the date of public 
acceptance of such development or industrial exploitation of it? 

In answer to this question, 52 percent of the respondents felt that at 
least some information in addition to that already published should 
be released in order to speed peaceful applications. Opinion was 
divided as follows: 

Present access adequate 
Some additional information desirable 


Considerably more information desirable 
All nonmilitary information declassified 


As regards specific information which the respondents would like 
to see declassified, most frequently mentioned were the fabrication 
and processing of reactor fuels, fuel supply and cost data, reactor tech- 
nology, economics of reactors, effects of radiation on different mate- 
rials, fission byproducts, engineering information for design purposes, 
hazards and safety devices, shielding, thermonuclear power, and 
uranium ore requirements. Of these, fuel fabrication and processing, 
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fuel cost data, and reactor technology led the list by a substantial 
margin. 

While some respondents felt that present procedures for dissemina- 
tion of information are, in general, working well, there were numerous 
complaints about the frustrations involved in gaining access to classi- 
fied information bearing on peaceful applications. A number of firms 
commented on the difficulty of determining just what information 
should be declassified when they do not even know what they are look- 
ing for due to existing security restrictions. Others noted that even 
with an access permit it is difficult to know what material is available 
and where to find it. 

Other difficulties mentioned frequently in the responses included: 
(1) while much information has been declassified, the same and closely 
related information is still being published in classified reports; (2) 
training of nuclear engineers in universities is being impeded by re- 
strictions on information necessary to give balanced instruction; (3) 
present restrictions inhibit business activities between cleared firms 
and uncleared clients; and (4) participation in the access program is 
unattractive to some firms because of the requirement under present 
regulations that participants seeking data in the more sensitive cate- 
gories must waive certain patent rights on inventions developed in 
connection with such data. 

Question No. 2: Does your organization believe that declassification 
of specific types of information or general categories of information 
will significantly change the attitude of nongovernmental organiza- 
tions toward investing in the peaceful applications of atomic energy 
either in the production or consumption phases? 

Most of those who answered the question felt that the more the wraps 
are taken off information affecting peaceful applications, the greater 
the incentive will be to invest private funds. Opinion on probable 
effect was divided as follows: 


Considerable 
No answer 

Specifically, a number of correspondents pointed out the difficulty 
of executive management arriving at a final decision on the investment 
of funds without complete information on what the investment is for 
and what the prospects are for success. Some noted that even those 
concerns with access permits have occasion to wonder whether the 
particular classified information they are allowed to see on a “need to 
know” basis tells the whole story. One firm emphasized that this 
factor is especially important in marginal cases where the decision 
whether to invest or not is dependent on detailed information which is 
classified. 
Question No. 3: If your organization is currently engaged in activi- 
ties relating to the uses of atomic energy requiring the handling of 
classified information or material, what is your estimate of the per- 
centage of cost attributable to the direct security measures required 
for compliance with security regulations? What if any delay in ac- 
complishing a given peacerul application project is attributable to 
security requirements { 
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Opinion was divided on this question. Attitudes appeared to de. 
pend, to some extent, on whether the organization involved had been 
exposed to Government security requirements over a period of years 
or whether it had just recently begun instituting security measures, 
The former, in general, seemed to feel that direct security measures 
were not overburdensome while the latter rated costs all the way from 
negligible to substantial, depending upon how far their security pro- 
grams had advanced. ‘There were a large number who did not answer 
the question, either because of inexperience or nonparticipation in the 
security program. The breakdown on responses as to percentage cost 
of direct security measures is as follows: 

Negligible (0 to 1 percent) 

Small (1 to 3 percent) 

Moderate (5 percent) 

Significant (10 percent) 

Substantial (over 10 percent) 
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One comment which kept recurring in the responses was that the 
dollar cost of security, while high in some instances, is not usually as 
important a stumbling block to the development of peaceful applica- 
tions as the frustrations and delays inherent in the present system 
which involve substantial indirect costs in terms of inefficiency. These 
include: delays in clearances, inability to communicate or exchange 
ideas within a given organization or with outside clients, the inability 
to obtain qualified and cleared technicians in time to meet requirements 
for contract bids, delays involved in making important decisions, and 
the incessant paperwork. 

A number of the respondents commented that the only real security 
is “positive” security, and that this country will maintain its lead in 
peaceful applications of atomic energy only through permitting free 
interchange of information and ideas in the nonmilitary field. 

All the correspondents agreed on the need for an effective security 
system to protect the national interest but many of them felt that this 
interest could best be served by more flexible security procedures in 
the field of peaceful application. 


ACKNOWLEDGEMENT TO RESPONDENTS TO QUESTIONNAIRE 


The Panel wishes to express its sincere appreciation to the 296 indi- 
viduals, businesses and organizations listed below who responded to 
the Panel’s questionnaire on classification and protection of informa- 
tion. ; 

Their replies were of great assistance to the Panel during its consid- 
eration of this important aspect of our nuclear energy program. 


LIST OF RESPONDENTS TO CIRCULAR LETTER ON CLASSIFICATION AND 
PROTECTION OF INFORMATION 


The Aetna Casualty & Surety Co., Hartford, Conn. 
Air Products, Inc., Allentown, Pa. 

Alabama Power Co., Birmingham, Ala. 

W. A. Alexander & Co., Chicago, Ill. 
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Alexander & Alexander, New York, N. Y. 
Allied Chemical & Dye Corp., New York, N. Y. 


Alloy Precision Castings Co., Cleveland, Ohio. 
AMP Atomics, Inc., New York, N. Y. 

Applied Radiation Corp., Walnut Creek, Calif. 
ARMA—Division American Bosch Arma Corp., Garden City, N. Y. 
American Lava Corp., Chattanooga, Tenn. 

The American Metal Co., Ltd., New York, N. Y. 

American Mutual Liability Insurance Co., Boston, Mass. 
American Potash & Chemical Corp., Los Angeles, Calif. 
American Public Power Association, Washington, D. C. 
American Radiator & Standard Sanitary Corps., New York, N. Y. 
Arizona Public Service Co., Phoenix, Ariz. 

Atomic Development Mutual Fund, Inc., Washington, D. C. 
Atomic Industrial Forum, Inc., New York, N. Y. 

Atomic Power Development Associates, Inc., Detroit, Mich. 
Anton Electronic Laboratories, Brooklyn, N. Y. 
Armstrong Cork Co., Lancaster, Pa. 

Atlantic City Electric Co., Atlantic City, N. J. 

The Atlantic Refining Co., Philadelphia, Pa. 

Atomics International, Downey, Calif. 

The Austin Co., Cleveland, Ohio 

The Babcock & Wilcox Co., New York, N. Y. 

Bailey Meter Co., Cleveland, Ohio 

Baker & Co., Inc., Newark, N.J. 

J.T. Baker Chemical Co., Phillipsburg, N. J. 
Baldwin-Lima-Hamilton Corp., Philadelphia, Pa. 
Baltimore-Florida Co., Miami Beach, Fla. 

Bankers Trust Co., New York, N. Y. 

Bath Iron Works Corp., Bath, Maine. 

Battelle Memorial Institute, Columbus, Ohio 

J. F.T. Berliner, Ph. D., Chicago, Il. 

Bethlehem Steel Co., Quincy, Mass. 

Bishop & Hedberg, Philadelphia, Pa. 

Blaw-Knox Co., Pittsburgh, Pa. 

Borg-Warner Corp., Chicago, Ill. 

Bozell & Jacobs, Inc., Washington, D. C. 

C.F. Braun & Co., Alhambra, Calif. 

Brent & Co., Chicago, Il. 

Broadview Research & Development, Burlingame, Calif. 
Brown, Crosby & Co., Inc., New York, N. Y. 

The Budd Co., Philadelphia, Pa. 

City of Burbank, Burbank, Calif. 

The Bush Manufacturin Go., West Hartford, Conn. 
Carolina Power & Light Xo. Raleigh, N. C. 

CBS-Hytron, Danvers, Mass. 

C-D Protection Shelters, Redondo Beach, Calif. 

Central Hudson Gas & Electric Cor ., Poughkeepsie, N. Y. 
Central Illinois Public Service Co., Springfield, Il. 

Central Maine Power Co., Augusta, Maine. 

Central Vermont Public Service Corp., Rutland, Vt. 
Chemical Process Co., Redwood City Calif. 

Chicago Bridge & Iron Co., Chicago, Tl. 
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Chrysler Corp., Detroit, Mich. 

Cincinnati Gas & Electric Co., Cincinnati, Ohio 

Clark, Hitchcock & Associates, Washington, D. C. 

The Cleveland Pneumatic Tool Co., Cleveland, Ohio 

Central Louisiana Electric Co., Alexandria, La. 

Central Illinois Light Co., Peoria, Ill. 

Central Power & Light Co., Corpus Christi, Tex. 

United States Department of Commerce (Maritime Administration), 
Washington, D. C. 

The Connecticut Light & Power Co., Berlin, Conn. 

The Connecticut Power Co., Hartford, Conn. 

The Cooper Bessemer Corp., Mount Vernon, Ohio. 

Corning Glass Works, Corning, N. Y. 

Consolidated Edison Company of New York, Inc., New York, N. Y. 

Consumers Power Co., Jackson, Miss. 

Cox & Weinrich, Washington, D. C. 

Crane Company, Chicago, Ill. 

Curtis-Wright Corp., Caldwell, N. J. 

Dallas Power & Light Co., Dallas, Tex. 

Damascus Tube Co., Greenville, Pa. 

Davison Chemical Co., Baltimore, Md. 

Daystrom Instrument, Archbald, Pa. 

The Denver & Rio Grande Western Railroad Co., Denver, Colo. 

Detroit Insurance Agency, Detroit, Mich. 

Donovan Construction Co., St. Paul, Minn. 

Dorr-Oliver, Inc., Stamford, Conn. 

The Dow Chemical Co., Midland, Mich. 

Dresser Manufacturing Division, Bradford, Pa. 

Wilbur B. Driver Co., Newark, N. J. 

Dick Duffey (chemical engineer), College Park, Md. 

Duke Power Co., Charlotte, N. C. 

F. Eberstad & Co., New York, N. Y. 

Thomas A. Edison, Inc., West Orange, N. J. 

Edward Valves, Inc., East Chicago, Ind. 

Ellerbe & Co., (architects and engineers), St. Paul, Minn. 

El-Tronics, Inc., Mayfield, Pa. 

Erie Foundry Co., Erie, Pa. 

Esso Research & Engineering Co., New York, N. Y. 

Ethyl Corp., Baton Rouge, La. 

Farrel-Birmingham Co., Ansonia, Conn. 

Federal Reserve Bank of Boston, Boston, Mass. 

Federal Telecommunication Laboratories, Nutley, N. J. 

Fenwal Inc., Ashland, Mass. 

The H. K. Ferguson Co., New York, N. Y. 

Flight Refueling, Inc., Baltimore, Md. 

Foote Mineral Co., Philadelphia, Pa. 

Florida Power Corp., St. Petersburg, Fla. 

The First National City Bank of New York, New York, N. Y. 

The Fluor Corp., Ltd., Los Angeles, Calif. 

The Foxboro eo. Foxboro, Mass. 

The Franklin Institute of the State of Pennsylvania, Philadelphia, Pa. 

Friede & Goldman, Inc., New Orleans, La. 

General Communication Co., Boston, Mass. 
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General Electric Co., Schenectady, N. Y. 

General Motors Corp., research laboratories division, Detroit, Mich. 

General Precision Equipment, New York, N. Y. 

General Public Utilities Corp., New York, N. Y. 

Gibbs & Hill, Inc., New York, N. Y. 

City of Glendale, Calif., Glendale, Calif. 

The B. F. Goodrich Co., Akron, Ohio 

The Goodyear Tire & Rubber Co., Akron, Ohio 

Graver Tank & Manufacturing Co., Inc., New York, N. Y. 

Great Lakes Carbon Corp., Chicago, Ill. 

A. P. Green Fire Brick Co., Mexico, Mo. 

Greer Hydraulics, Inc., Jamaica, N. Y. 

Gulf Research & Development Co., Pittsburgh, Pa. 

Haller, Raymond & Brown, Inc., State College, Pa. 

Harbison-Walker Refractories Co., Pittsburgh, Pa. 

The Hartford Electric Light Co., Hartford, Conn. 

The Hartford Steam Boiler Inspection & Insurance Co., Hartford, 
Conn. 

The Hawaiian Electric Co., Ltd., Honolulu, Hawaii. 

Haywood Publishing Co. (publishers of Electric Light & Power), 
New York, N. Y. 

Ralph Heinrich, Newington, Conn. 

Hitchcock & Estabrook, Inc., Minneapolis, Minn. 

Hughes Tool Co., Houston, Tex. 

Humble Oil & Refining Co., Houston, Tex. 

Illinois Power Co., Decatur, Ill. 

The Ingalls Shipbuilding Corp., Pascagoula, Miss. 

Ingersoll-Rand Co., Washington, D. C. 

International Brotherhood of Boilermakers, Iron Ship Builders, 
Blacksmiths, Forgers, and Helpers, Kansas City, Kans. 

International Harvester Co., Chicago, II. 

lowa-Illinois Gas & Electric Co., Davenport, Iowa. ’ 

fowa Southern Utilities Co., Centerville, Lowa. 

Jackson & Moreland Engineers, Boston, Mass. 

Jersey Central Power & Light Co., Asbury Park, N. J. 

Jessop Steel Co., Washington, Pa. 

Kaiser Engineers (division of Henry J. Kaiser Co.), Oakland, Calif. 

Kansas City Power & Light Co., Kansas City, Mo. 

The Kansas Power & Light Co., Topeka, Kans. 

Kansas Gas & Electric Co., Wichita, Kans. 

Kennecott Copper Corp., New York, N. Y. 

Kentucky Utilities Co., Lexington, Ky. 

Walter Kidde Nuclear Laboratories, Inc., Garden City, N. Y. 

Knowles Associates, New York, N. Y. 

Koppers Co., Inc., Pittsburgh, Pa. 

Liberty Mutual Insurance Co., Boston, Mass. 

Link Aviation, Inc., Binghampton, N. Y. 

Lithium Corporation of America, Inc., Minneapolis, Minn. 

Lukens Steel Co., Coatesville, Pa. 

The Lummus Co., New York, N. Y. 

Lockheed Aircraft Corp., Van Nuys, Calif. 

Long Island Lighting Co., Mineola, N. Y. 

E. J. Longyear Co., Minneapolis, Minn. 
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Magnolia Petroleum Co., Dallas, Tex. 

P. R. Mallory & Co., Inc., Indianapolis, Ind. 

Manning, Maxwell & Moore, Inc., Stratford, Conn. 

Marsh & McLennan, New York, N. Y. 

The Glenn L. Martin Co., Baltimore, Md. 

Maryland Casualty Co., Baltimore, Md. 

Manson Benedict (professor of nuclear engineering, MIT), Cam- 
bridge, Mass. 

Meldrum & Fewsmith, Inc., Cleveland, Ohio 

Merrill Lynch, Pierce, Fenner & Beane, New York, N. Y. 

Metals & Controls Corp., Attleboro, Mass. 

Metal Hydrides Inc., Beverly, Mass. 

Metal & Thermit Corp., New York, N. Y. 

Metropolitan Edison Co., Reading, Pa. 

Mid-Century Instrumatic Corp., New York, N. Y. 

Middle South Utilities, Inc., New York, N. Y. 

Middle West Service Co., Chicago, Ill. 

Mine Safety Appliances Co., Pittsburgh, Pa. 

Minneapolis-Honeywell Regulator Co., Philadelphia, Pa. 

Monsanto Chemical Co., St. Louis, Mo. 

Morrison-Knudsen Co., Inc., Boise, Idaho 

Mutual Boiler & Machinery Insurance Co., Waltham, Mass. 

National Northern, West Hanover, Mass. 

National Research Corp., Cambridge, Mass. 

National Securities & Research Corp., New York, N. Y. 

Arthur L. Nelson (engineers), Blanco, Tex. 

New England Electric System, Boston, Mass. 

New Jersey Zinc Co., New York, N. Y. 

The New York Air Brake Co., New York, N. Y. 

New York University College of Engineering, New York, N. Y. 

Niagara Mohawk Power Corp., Buffalo, N. Y. 

K. D. Nichols, Washington, D. C. 

W. C. Nickum & Sons, Seattle, Wash. 

Nuclear Division, Inc., Cambridge, Mass. 

Nuclear Energy Products Division, New York, N. Y. 

Nuclear Metals, Inc., Cambridge, Mass. 

Nuclear Metals Corp., Denver, Colo. 

Ohio Rural Electric Cooperatives, Inc., Columbus, Ohio 

Olin Mathieson Chemical Corp., New York, N. Y. 

Pacific Car & Foundry Co., Renton, Wash. 

John C. Paige & Co., Boston, Mass. 

The Ralph M. Parsons Co., Los Angeles, Calif. 

Pennsylvania Electric Co., Reading, Pa. 

Pennsylvania Power & Light Co., Allentown, Pa. 

The Permutit Co., New York, N. Y. 

Chas. Pfizer & Co., Inc., Brooklyn, N. Y. 

Philadelphia Electric Co., Philadelphia, Pa. 

James K. Pickard (consultants), Washington, D. C. 

Pittsburgh Consolidation Coal Co., Pittsburgh, Pa. 

City of Piqua, Piqua, Ohio 

Positel Engineering Co., Berkeley, Calif. 

Professional Engineering Corp., Pittsburgh, Pa. 

Public Service Company of Colorado, Denver, Colo. 
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Public Service Electric & Gas Co., Newark, N. J. 

Puerto Rico Water Resources Authority, San Juan, P. R. 
Public Service Company of Indiana, Inc., Plainfield, Ind. 
Public Service Company of Oklahoma, Tulsa, Okla. 
Puget Sound Utilities Seana Seattle, Wash. 

Racine Hydraulics & Machinery Inc., Racine, Wis. 
Radiation Applications, Inc., New York, N. Y. 
Radiation Research Corp., West Palm Beach, Fla. 
Radio Corporation of America, Camden, N. J. 

Raytheon Manufacturing Co., Waltham, Mass. 
Rem-Cru Titanium, Inc., Midland, Pa. 

Rensselaer Polytechnic Institute, Troy, N. Y. 

Republic Aviation, Corp., Farmingdale, N. Y. 

Research Laboratories, Inc., Newtown, Ohio 

R. J. Reynolds Tobacco Co., Winston-Salem, N. C. 
Robertshaw-Fulton Controls Co., Anaheim, Calif. 
Rohm & Haas Co., Philadelphia, Pa. 

Rural Cooperative Power Association, Elk River, Minn. 
The Rust Engineering Co., Birmingham, Ala. 

Sargent & Lundy, Chicago, Ill. 

Maurice R. Scharff, New York, N. Y. 

Samuel A. Scharff, New York, N. Y. 

The Sharples Corp., Philadelphia, Pa. 

Sinclair Research Echeisedesion Inc., New York, N. Y. 
Singmaster & Breyer, New York, N. Y. 

A. O. Smith, Milwaukee, Wis. 

Smith, Hinchman & Grylls, Inc., Detroit, Mich. 

Siskon Corp., Happy Camp, Calif. 

Socony Mobil Laboratories, New York, N. Y. 

Solar Aircraft Co., 2200 Pacific High, San Diego, Calif. 
Solar Energy Corporation of America, New York, N. Y. 
Southern California Edison Co., Los Angeles, Calif. 
Southern Research Institute, Birmingham, Ala. 
Southern Services, Inc., Birmingham, Ala. 
Southwestern Gas & Electric Co., Shreveport, La. 

Speer Carbon Co., Saint Marys, Pa. 

Spencer Chemical Co., Kansas City, Mo. 

The Standard Oil Co., Cleveland, Ohio 

Stanford Research Institute, Menlo Park, Calif. 

Stone & Webster Engineering Corp., Boston, Mass. 

St. Paul Fire & Marine Insurance Bi. New York, N. Y. 
Struthers Wells Corp., Struthers Wells Division, Warren, Ia. 
Studebaker-Packard Corp., Detroit, Mich. 

Sun Shipbuilding & Dry Dock Co., Chester, Pa. 
Sylvania Electric Products Inc., Bayside, N. Y. 

Tampa Electric Co., Tampa, Fla. 

Taylor Instrument Cos., Rochester, N. Y. 

Technical Services Inc., Dallas, Tex. 

Tele-Tech & Electronic Industries, New York, N. Y. 
Tennessee Valley Public Power Association, Chattanooga, Tenn. 
Texas Electric Cooperatives, Inc., Austin, Tex. 

Texas Electric Service Co., Fort Worth, Tex. 

Texas Power & Light Co., Dallas, Tex. 
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The Texas Co., New York, N. Y. 

Texas Utilities Co., Dallas, Tex. 

Thompson Products, Inc., Cleveland, Ohio 

The Toledo Edison Co., Toledo, Ohio 

The Travelers, Hartford, Conn. 

Underwriters’ Laboratories, Inc., Chicago, Ul. 

The University of Buffalo, Buffalo, N. Y. 

University of Denver, University Park, Denver, Colo. 
The United Gas Improvement Co., Philadelphia, Pa. 
University of Michigan, Ann Arbor, ae 

United States Hoffman Machinery Corp., a - ork, N. Y. 
United States Radium Cor P New Y a 

United States Rubber Co., Passaic, N. J 

Vacuum Metals Corp., Syracuse, N. Y. 

Victor Chemical Works, Chicago, Ill. 
Virginia-Carolina Chemical Corp., Richmond, Va. 
Virginia Electric & Power Co., Richmond, Va. 

Vitro Corporation of America, New Y ork, N. Y. 

The Wallingford Steel Co., W allingford, Conn. 
Walworth Co. New York, N. a 

Department of Water and Power , City of Los Angeles, Calif. 
West Texas Utilities Co., Abilene, Tex. 

The Western Trader and Investor, Salt Lake City, Utah 
C. H. Wheeler Manufacturing Co., Philadelphia, Pa. 
Wilson & Earl, management analy sts, Manchester, Conn. 
Wisconsin Power & Light Co., Madison, Wis. 

The West Penn Electric Co., New York, N. Y. 

Western Massachusetts Electric Co., Greenfield, Mass. 
Westinghouse Electric Corp., Pittsburgh, Pa. 
Whirpool-Seeger Corp., St. Joseph, Mich. 

The J. G. White Engineering Corp., New York, N. Y. 


Wolverine Electric Cooperative, Big Rapids, Mich. 
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DeceMBER 16, 1955 
Participants: 

Dr. I. I. Rabi, chairman, Columbia University, New York, N. Y. 

Dr. Detlev W. Bronk, president, National Academy of Sciences, 
2101 Constitution Avenue NW., Washington, D. C. 

Henri G. Busignies, Federal Telecommunications Laboratory, 
Nutley, N. J. 

Dr. Hugh L. Dryden, National Advisory Committee on Aero- 
nautics, 1512 H Street NW., Washington, D. C. 

Dr. Jesse Hobson, Stanford Research, Inc., Menlo Park, Calif. 


Dr. W. V. Houston, The Rice Institute, Houston, Tex. 
Dr. A. A. Kucher, director, scientific laboratory, Ford Motor 


Co., Dearborn, Mich. 
Eger V. Murphree, Esso Research and Engineering, New York, 
Rye. 


‘Dr. W. Baker, Bell Telephone Laboratories, Murray Hill, N. J. 
Dr. Gerrold R. Zacharias, 32 Clifton Street, Belmont, Mass. 

‘s ~ Rudolph Thielemann, Stanford Research, Inc., Menlo Park, 
alif. 


RESEARCH SEMINAR SUMMARY 


1. Discussion of the scope and size of the Commission’s research 
program indicated that the availability of scientific and technical 
manpower will be a limiting factor on the speed of development of 
peaceful applications of atomic energy. 

2. Several ways for alleviating the shortage of manpower were 
examined. These included: 

(2) Improving facilities teaching nuclear sciences and engineering 
by making critica) assembly facilities, small research reactors, and 
advanced high-flux research reactors available to educational centers. 

(b) A program of book writing that will make adequate texts on 
the scientific and engineering aspects of peaceful uses available as 
background for instruction and training. 

_ (c) Continued and expanded Government support of basic research 
In universities. 

(d) Financial encouragement to students through an expanded 
fellowship program. 

(e) More rapid progress through secondary schools. This could 
be encouraged by preparation of new textbooks which condense 
courses now given in science and mathematics. 

(f) Insistence upon science and mathematics courses as part of 
secondary school education. 

3. On the relationship between Government and industry in atomic 
energy research, it was first noted that the Directors of the Commis- 
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sion’s National Laboratories at Oak Ridge, Argonne, and Brookhaven 
believed that these laboratories were indispensable to progress in peace- 
ful applications. They also believe that basic research, applied re- 
search, and some large-scale projects should be included in the pro- 
grams of these facilities. 

The Brookhaven Laboratory is serving as a model for a new pattern 
of scientific education. The operating contractor represents a number 
of universities in the Northeast and is a strong influence in estab- 
lishing a research program which reflects the needs of the partici- 

ating institutions. More installations of a similar nature are needed, 
lowever, a partnership arrangement between non-Government and 
Government agencies rather than purely Government control might 
be the objective. Strict contractor control of the research program 
at Brookhaven prevents the laboratory from overstepping its function 
of exploration in science and engineering and competing with indus- 
try. Such competition could discourage private participation in 
atomic-energy research. 

The NACA pattern was discussed as one which might be applic- 
able to the national laboratories. It was pointed out that the only 
product of NACA was information. In this connection, it was noted 
that the national laboratories were engaged in military as well as 
peaceful atomic-energy applications and that the facilities therefore 
could not be turned over to industry for peaceful development. Never- 
theless, the great disparity in expenditures between these laboratories 
and industry never really permits industry to move freely to full 
participation. 

General agreement was reached that if industry demonstrates that 


it can carry the responsibility for pressing forward with development 
at the rate required for national interest and prestige, the national 
laboratory development work should be curtailed. At present industry 
does not have the required research and development ne sa 


In discussing basic research it was the consensus of the group that 
the benefits are measured only in terms of cultural growth and the 
foundation provided for expanding applications of benefit to the 
Nation. Universities should apply themselves to filling the gaps in 
our basic fund of knowledge. Government support is required or 
university basic research programs will falter. 

The consequences of large Government expenditures for research 
having military objectives was touched upon. To start the discus- 
sion, the question was raised whether the tendency toward military 
domination of research could reflect other similar patterns. The gen- 
eral tenor of the discussion was that it was difficult to tell whether 
the civilian byproducts resulting from military research benefited 
the Nation more than potential dangers inherent in Government and 
military domination of research. One important beneficial charac- 
teristic of military research was emphasized—that was the high 
urgency and speed with which it was carried forward. As part of 
this discussion, the urgency to be attached to research on peaceful 
uses of atomic energy was touched upon. There was general agree- 
ment that a high urgency should be placed on research related to 
humanitarian ends such as medicine. On atomic power, the urgency 
of development was generally thought to be high primarily for inter- 
national as well as domestic reasons. 
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In connection with encouraging industrial participation in peaceful 
atomic-energy research, it was suggested that compilations of infor- 
mation were important. Likewise, tabulations of areas requiring 
research would help industry pick up the various parts within its 
capability. On the subject of encouraging industry, the —e of 
full tax relief for investments in research was explored briefly. The 


general view was that industrial participation would evolve as prof- 
itability because apparent without using this kind of financial device. 


Some ProBLEMS IN THE DEVELOPMENT OF THE NATIONAL LABORATORIES 
Alvin M. Weinberg 


The national laboratories, particularly Oak Ridge and Argonne, 
were wartime inventions dedicated originally to the completion of a 
single large project, Hanford. Since then their scope has broadened 
vastly—they are concerned with every phase of nuclear energy devel- 
opment. They have in large measure paved the way, by their tech- 
nical accomplishments, for a full-grown, mature nuclear industry. 

The laboratories are now flourishing at an unprecedented pace— 
they are larger, more vigorous, more productive than ever before. Yet 
this current prosperity may be a prelude to a period of readjustment 
and uncertainty concerning their proper role. This uncertainty stems 
directly from the success of the laboratories. In helping to create an 
active and expanding private nuclear industry, the laboratories have 
helped created a powerful source of competition—competition for 
people, competition for money, competition for projects. The com- 
petition for people to man the big industrial reactor projects was of 
course expected; perhaps less expected were the large private nuclear 
energy laboratories, such as General Dynamics and Westinghouse are 
in the process of establishing, which might well become private na- 
tional laboratories. Thus, with private industry acquiring increasing 
capacity to pursue advanced nuclear development, the position of the 
national laboratories needs clarification. Tt will be our purpose to 
outline some of the issues relevant to this assessment. 


THE PAST ROLES OF THE NATIONAL LABORATORIES 


The jobs done by the national laboratories in the past are as follows: 

(1) Basic research in all fields of science related to nuclear energy. 

(2) Education and dissemination of knowledge in nuclear energy. 

(3) Development of specific components or processes in support of 
ree Eas projects for which the laboratory is not primarily re- 
sponsible. 

(4) Complete technological responsibility for specific reactors or 
chemical plants. 

(5) Small-scale production in nuclear energy, e. g., radioisotopes 
and research reactor fuel elements. 

We consider separately each of these activities in relation to the 
proper future role of the national laboratories. 


BASIC RESEARCH 


This is the one area in which there is no disagreement. All agree 
that the basic research function of the national laboratories should 
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continue much as it is. If anything, there is much to be said for ex. 
panding the basic research—partly because, as the Geneva Conference 
showed, there are numerous areas such as reactor physics in which 
deficiencies exist, and partly because, as the laboratories inevitably 
concern themselves less with the heaviest engineering, they will have 
more talent available for basic studies. 

It is reasonable to expect that the basic studies will gradually di- 
versify, and that the laboratories, whose frame of reference originally 
was nuclear energy, may, after a generation, be concerned with many 
other issues. For example, work in photosynthesis or in cancer, which 
is now rather peripheral to the activities of the laboratories, could 
become leading interests. Since the laboratories—and this includes 
their tradition, their way of doing things—are extremely valuable na- 
tional assets, support for their basic activities should continue to be 
broad and tolerant. 

The breadth of interest of the laboratories is illustrated by the work 
in ultra-high-energy physics. Activities in this field derive not from 
the relevance of 25 bev physics to the release of nuclear energy—they 
derive primarily from the belief that basic science requires support, 
and that the national laboratories are uniquely well qualified to pursue 
this sort of activity. A relaxed and nondoctrinaire attitude toward 
this issue, as toward so many others connected with the national lab- 
oratories’ role, is important. 


EDUCATION AND DISSEMINATION OF NUCLEAR ENERGY KNOWLEDGE 


The laboratories will certainly continue to be focal points for the 
scholarly tradition in nuclear energy. For example, the interaction 
between Oak Ridge National Laboratory and the southern universities, 
by means of the traveling lecture and research participation pro- 
grams, has been extraordinarily successful. The advent of industrial 
nuclear energy is in no respect relevant to the issue of the laboratories’ 
role as educational foci of infection; it will be expected that the lab- 
oratories will continue in this role. 

The Argonne and Oak Ridge Laboratories both participate in a 
much more direct way as educational centers through their respective 
schools of reactor technology and through the health physics coopera- 
tive training program. In recent months it has been suggested that 
the Oak Ridge school activity be gradually turned over to the uni- 
versities. While all agree that this can ultimately be accomplished, 
there is danger that to do so within the next few years might lose 
for the country its most effective agency for producing trained atomic- 
energy personnel before the universities acquire the capacity to turn 
out personnel as well trained as are ORSORT graduates. 

Actually, the laboratories are contributing substantially to the un- 
versities’ capacity to handle graduate training in nuclear energy. 
Almost all of the key people in university nuclear energy facilities are 
laboratory alumni, and it is to be expected that the flow of trained 
people from laboratory to university will continue. 
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DEVELOPMENT OF COMPONENTS AND PROCESSES FOR NONLABORATORY 
PROJECTS VERSUS REACTOR AND PRODUCTION ACTIVITIES 


‘In some views of the future of the national laboratories develop- 
ment of components for nonlaboratory projects is destined to become 
one of the most important laboratory functions. This is natural since 
much of the thinking on the future of the national laboratories draws a 
strong parallel between the NACA laboratories and the national labor- 
atories. Since NACA does a great deal of work in support of air- 
craft projects, it is assumed that a similar role for the national 
laboratories is appropriate. In fact, national laboratories, such as 
Brookhaven, whose job is confined to (1), (2), and (3) would be 
ar exact counterparts of NACA—they would constitute a nuclear 
NACA. 

The essential historical distinction between the Oak Ridge and Ar- 
gonne Nuclear Laboratories and the NACA laboratories lies in their 
attitude toward large projects and production activities. NACA pur- 
posely does not take responsibility for specific complete aircraft nor 
does it engage in any production activities, while the national labora- 
tories do take responsibility for specific reactors and engage in some 
production. When the future of the national laboratories is discussed, 
the real problems arise in deciding whether to encourage the national 
laboratories to continue such heavy engineering activities or whether, 
like NACA, to relinquish these activities entirely to the nuclear 
industry. 

Second, there is a much more positive argument against excluding 
the national laboratories from such activities. This is related to the 
strategic position which nuclear reactor development holds in the 
public domain. If it is assumed that nuclear reactor development at 
the most rapid rate possible is as much a matter of public concern 
as, say, jet aircraft development—and this is an issue which Govern- 
ment alone can decide—then it makes sense to do this development 
in as effective a way as possible, quite apart from issues of public 
versus private enterprise. There are reasons to believe that the most 
rapid advance in the technology will be afforded if part of the pro- 
gram continues to be controlled directly by the Government, i. e., if 
some part of the responsibility for the large-scale development remains 
with the national laboratories. 

The present dual reactor program—the 5-year program on the one 
hand, and the power demonstration and licensing program on the 
other—illustrate the point. The 5-year program is entirely Gov- 
ernment controlled. It also includes the reactor types—the fast 
breeder and the homogeneous—which are the most advanced. The 
demonstration program on the other hand is more conservative and 
is mostly a scale-up of 5-year-plan technology; even the APDA fast 
reactor must depend heavily on the success of EBR No. 2. Thus, 
the private groups do not seem to be in position to pursue the most 
advanced aspects of the technology. This is natural because of the 
great expense and risk involved in the most radical projects. It is 
unlikely that a purely privately controlled program would ever have 
as much effort devoted to the longest shot reactors as would be neces- 
sary to insure maximum progress. 
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What is said about reactor development holds in lesser measure with 
respect to small production activities. Here the incentive to keep a 
few semipilot scale activities in the laboratory is primarily that such 
activities serve to maintain at the national laboratories a firsthand 
and authoritative competence in important areas of heavy nuclear 
technology such as waste disposal and radiochemical processing. 

All these arguments add up to the conclusion that it would be unwise 
to rule arbitrarily that the Oak Ridge and Argonne National Labora. 
tories must acquire the NACA pattern: So long as reactor develop- 
ment is deemed to be strongly in the national interest, the nuclear 
energy pattern, in which the national laboratories are encouraged to 
come up with and have responsibility for new reactors, seems the 
most appropriate. Should the basic situation change—should nuclear 
reactor development become less centrally a matter, of the public in- 
terest—then there will be little problem for Oak Ridge and Argonne 
to revert to the NACA pattern and operate in much the same way 
as Brookhaven. 


CoMMENT ON NATIONAL LABORATORIES 
By W. H. Zinn 


1. The national laboratories have staff and facilities which permit 
investigative work both in basic science and in the application of 
nuclear energy. 

2. The broad nature of the capabilities of the laboratories came 
about partly by plan and partly as a result of circumstance. For the 
national welfare it has been deemed in the past necessary and desir- 
able to have these laboratories take on certain specific responsibilities, 
and, as a consequence, their efforts pretty well span the full range of 
research and development possibilities. 

3. The laboratories have had direct responsibility for certain proj- 
ects, have worked closely with industrial contractors in discharging 
responsibilities which were primarily the industrial contractors’, and, 
in most cases, have provided the basic knowledge for the major pro- 
duction and other demands made by the Commission. 

4. It may be assumed that the entry of the national laboratories 
so deeply into project work was not at the urging of the staffs of the 
laboratories. Experience indicates that project work carries with it 
more hazard to tenure and stability than either basic science or gen- 
eral developmental work. By and large, projects have been set up to 
fulfill a need indicated by the United States Atomic Energy Com- 
mission. For the purpose of this statement, it matters little if the 
need was demonstrably one soundly based on national welfare; it is 
sufficient to note that the Commission believed so. 

5. At the present time in atomic energy there is no real change in 
this situation and perhaps none can be anticipated for some time. 
Therefore, if the programs of the national laboratories in the past 
have been what in the opinion of responsible authority were best for 
the national welfare, it should be anticipated that the same will hold 
for the future. 

6. It could be argued that with the successful use of a single atomic 
submarine and the presumed imminence of nuclear-propelled flight 





with 
ep a 
such 
1and 


lear 
y 


A 
ora- 
‘lop- 
‘lear 
d to 

the 
lear 
> in- 
ymne 
way 


PEACEFUL USES OF ATOMIC ENERGY 469 


all challenging developmental tasks are completed, and, similarly, it 
could be argued that with economically competitive nuclear power- 
plants on the drawing boards no further substantial problems exist. 
Neither part of this statement is true. The military use of reactors 
in propulsion has only begun and the scope of a lems which can 
be expected to develop as a result of operational experience has not 
been seen. Nor has a reactor powerplant been planned where a real- 
istic examination of costs indicates acceptable performance without 
Government subsidy in some form. Further, all powerplant plans in 
hand envisage U-235 as basic fuel with the other nuclear fields to be 
returned and sold to the Government. It is clear that the use of the 
nuclear fuels other than U-235 is a problem, and one which, if it is 
to be solved, probably will be solved by the national laboratories. 

In the light of these observations, it should not be expected that 
the future role of the laboratories ought to differ from the past, 
although the nature of the problems undertaken may change rather 
radically. 

7. The size of the laboratories is a matter of considerable concern 
to those charged with responsibility for administration. It is doubted 
that it is of importance from the national point of view. This might 
not be true if all the talent became concentrated in any particular 
discipline or in a single project. This so far has not been true, and 
the individual components are not generally of unwieldly or unman- 
ageable size. In fact, on this basis there are many industrial research 
departments and some university laboratories which are as large. 

Despite the obvious problems which result from large overall size 
and the division into many disciplines and projects, a great measure 
of strength derives from such an organization. Problems requiring 
a wide range of skills are solved without each time having to hire or 
acquire new talent. On the whole, this makes available to such prob- 
lems a quality of staff not otherwise obtainable. 

On the matter of size, the absolute value is not as important as the 
matter of stability. Each organization should find some natural size, 
and maturity can be said to have been achieved when the fluctuations 
about this size are taken in stride and do not continually threaten or 
give the appearance of threatening the existence of the laboratories. 

8. The quality of performance of any laboratory is directly con- 
nected with the quality of its staff. As long as the laboratories con- 
cern themselves with the most challenging problems in the field and 
as long as they hold a competitive position with respect to salary and 
other benefits, quality of staff can be maintained. In this, the tech- 
nique of contractor operation is important, since it is doubtful that 
under civil service satisfactory conditions would obtain. 

Matters of turnover, etc., seem to be academic. The fact that an 
atomic energy industry has been created which is recruiting staff has 
led to staff changes in the laboratories which are, at the moment, 
uncomfortably large. The problem is how to obtain, train, and hold 
staff rather than how to arrange for turnover. Even individuals with 
very poor performance easily can be persuaded to go elsewhere. It 
1s a matter of continual concern to hold individuals who are capable 
of taking leading positions. For one concerned with the present wel- 
fare of the laboratories and their continued ability to serve the country, 
the greatest single problem is the acquisition or retention of the 10 
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percent of the staff who must occupy the positions of team leaders or 
who supply the initiative for lines of research or new projects. This 
may not be a long-range problem but there are indications that it wil] 
be of some duration. 

9. In the matter of program, it is suggested that the pattern already 
established can endure for some time. Perhaps 50 percent of the work 
of the laboratories will be of a basic nature ; the remainder will fall into 
the area of general development and specific projects. The develop. 
mental projects will sometimes be the sole responsibility of the labora- 
tory, and sometimes the laboratory’s role will be secondary or support- 
ing. Which plan is to be followed will depend on the size and urgency 
of the project. If the project is small and very urgent, the laboratory 
is best equipped to carry full responsibility. If the project is long 
range and involves a good deal of basic research, the laboratory also 
may be the best agent. This is not because of any staff or quality argu- 
ment but rather because of the responsibility of Government to pursue 
long-range projects and because the laboratory probably represents 
the most convenient agent for this purpose. If the project is large 
and urgent, the laboratory should be in a supporting position supply- 
ing to an industrial organization which has the prime responsibility 
special skills and equipment. This especially is true where the project 
leads to a major manufacturing operation or where repeated construc- 
tion efforts are expected to arise. 





CoMMUNICATION From Panet to Atomic ENrercy ComMISssION, 
AveustT 22, 1955 


In the projected discussions by the panel on the impact of the peace- 
ful uses of atomic energy dealing with the role of Government * * *. 
Summaries of what has happened in the following areas of Commis- 
sion activity since August 1954 would assist * * *. 

7. ResearcH AND DeveLopmMent.—A brief explanation of any 
changes in policy and actions taken since the passage of the new law 
concerning the relationships between Commission laboratories and 
non-Government organizations and individuals involving conduct of 
work on development of peaceful uses in Commission facilities for or 
in the interest of private activities. 


Communication From Atomic Energy Commission, Ocroser 20, 1955 


Examples of private work undertaken since the passage of the 1954 
act include research and development on fuel element materials for 
fast breeder reactors performed at Knolls Atomic Power Laboratory 
and Sylvania Electric Products, Inc., for the account of Atomic Power 
Development Associates (APDA) and the expansion of the AEC- 
financed companion program at Argonne National Laboratory to cover 
fast breeder critically experiments and reactor kinetics work of in- 
terest to APDA. 

Research and development involving use of AEC facilities or equip- 
ment has also been done during this period at such other locations as 
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Brookhaven National Laboratory, Sylvania Electric Products, Nuclear 
Metals, Inc., National Lead Co., and Battelle Memorial Institute for 
the accounts of APDA, Bell Laboratories, North American Aviation, 
Sylvania, and a number of other private concerns. Technical per- 
sonnel are supplied by the operating contractor or, less frequently, by 
the sponsor of the work, after mutuall y satisfactory arrangements with 
the contractor have been made. 

The recently established Commission policy governing the conduct 
of private work using AEC facilities, under which the peaceful uses 
of atomic energy are expected to be the principal beneficiaries, provides 
that such work may be accepted if: 

a) Such work does not interfere with AEC work. 

3) The work could not be conducted in private facilities or 

with private equipment that is reasonably available. 

c) The work is to be performed on an equitable priority basis. 

d) The work is to be conducted under an arrangement with the 
AEC which will assure proper cost segregation, give effect to the 
uniform pricing policy of the AEC and incorporate appropriate 
patent provisions concerning private work. 


CoMMUNICATION From Atomic Enreray Commission, DeceMBER 27, 
1955 


In reflecting upon the discussions at the recent seminar, it oc- 
curs * * * that the following comments might be useful: 

1. Question : Does industry now have access to research and develop- 
ment information involved in the controlled thermonuclear program ? 

Answer: There is currently under consideration a proposal to in- 
clude in the material which is made available to industry through the 
access permit system a category covering controlled thermonuclear 
information. All information in this category would be classified 
secret, and a company would have access to such information by giv- 
ing the same type of justification that would be necessary for any 
other category of secret information in the access permit program. 

2. Question : Does the nuclear energy series cover recent technology, 
or does it have to be updated to be of value to industry on technology 
developed during the last several years? 

Answer: The National Nuclear Energy Series of volumes was orig- 
inally intended to include only the findings and experience in research 
and development, both classified and unclassified, in the Manhattan 
Engineer District. However, more recent material was included in a 
few of the volumes which were published since 1950. Of the 77 vol- 
umes compiled and issued, only about 10 contain information that re- 
sulted from AEC operations in the late 1940’s and early 1950’s. 
Therefore, this series should not be looked upon as a continuing series 
of compilation in book form giving current research results and en- 
gineering experience. It is essentially limited to the Manhattan Dis- 
trict data. Much of the type of data which appeared in the series is 
today found in the scientific and technical journals and in commer- 
cially published books. 

0 compile in useful book form the results of research and develop- 
ment since the Manhattan District, we have done a number of things. 
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We have hired a professional writer, Samuel Glasstone, who has done 
three unclassified reference works—The Sourcebook on Atomic En- 
ergy, The Elements of Nuclear Reactor Theory, and The Principles of 
Nuclear Reactor Engineering. 

We have also compiled a four-volume reactor handbook which 
covers all engineering data on reactors which was available through 
1953. We declassified (with necessary deletions) 3 of the 4 volumes 
of the reactor handbook and included them among the selected ref- 
erence books presented to other delegations at the Geneva Conference. 
In this Geneva presentation set also were volumes on research reactors, 
on 8 years of experience with use of isotopes, on chemical processing 
and equipment, and on neutron cross sections. In addition, the AEC 
has published other material such as the Liquid Metals Handbook 
(prepared jointly with the Navy) and the nuclear power reactor re- 
ports. 

All of these unclassified books have been placed on sale by the Gov- 
ernment Printing Office. The one classified volume of the Reactor 
Handbook is available to industry through the access permit system. 
All four volumes of the Reactor Handbook are currently under re- 
vision, and it is contemplated that the material in the other books will 
be made current from time to time. 

We are now moving into a specialized writing program designed to 
compile on a systematic basis the information currently available in 
such fields as uranium metallurgy, reactor control and safety, and 
fuel-fabrication techniques. Present plans include the preparation of 
at least a dozen volumes giving the current status of and knowledge 
in the fields most important to civilian application. A separate 
monograph series, The Industrial Atom, has also been started which 
will describe areas of atomic energy of direct commercial interest. 
For example, the first issue is entitled: “Proposed New Method of 
Wholesaling Fresh Meat Based on Pasteurization by Gamma Irra- 
diation.” Wherever appropriate, both classified and unclassified edi- 
tions will be published. These will be kept current year by year. 

3. Question: Do we plan to issue any compilation of research or 
development on promising leads that were not followed up by reason 
of nonapplicability to problems at hand, lack of time, funds, man- 
power, and so forth, that may be interesting to industry ? 

Answer: We do not plan to issue special compilations giving prom- 
ising research developments and leads which were not followed 
through. Insofar as such leads can be identified, they will be men- 
tioned in the individual volumes of the specialized writing program 
for the various fields of industrial interests. 

4. Question: Will a special compilation be issued for research ave- 
nues which were not fruitful? 

Answer: The same thing is true of compilations of information on 
avenues of research and development which did not prove fruitful. 
They will be mentioned in the volumes dealing with the individual 
lines of specialty rather than compiled separately as a group which 
touches on all lines of specialty. 

5. Question: Will AEC require Q clearances for the recipients of 
fellowships to be granted by the funds requested in the reactor de- 
velopment portion of the 1957 budget submission. 

Answer: In view of the fellowship rider to our appropriation acts 
for the past several years, the AEC, as a matter of policy, has consid- 
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ered that recipients of AEC fellowships should be Q cleared. With 
respect to the fellowships provided in our 1957 budget submission in 
the field of nuclear engineering, the AEC is reexamining its position 
as it would apply to this proposed program. 


A Survey or THE Rois or Untverstry LABORATORIES IN THE 
DEVELOPMENT OF Preacerut Uses or Atomic ENERGY 


Prepared by T. W. Bonner and W. V. Houston, the Rice Institute, December 1955 


I, TERMS OF REFERENCE 


Pursuant to a request from the Panel of the Impact of the Peaceful 
Uses of Atomic Energy, we have undertaken a study of the research 
programs now under way in university laboratories. We have com- 
piled some of this information from current publications, since most 
effective university research leads to publication. We have also com- 
municated with nine selected institutions which provide a representa- 
tive sample of American universities active in this field. The names of 
the universities and the persons interviewed are given in section VII. 

The terms of reference given us by the panel specifically requested 
us to: 

1. Compile a general statement on the types of atomic energy 
research relating to peaceful uses of atomic energy now being 
conducted by representative university laboratories. 

2. Indicate the origin of the financing of these research activ- 
ities in some Summary manner. 

3. Prepare a summary of the views of these same representa- 
tive laboratories with respect to what role they believe they should 
play, particularly as between basic and applied research, and 
what or believe to be the responsibility of the Federal Govern- 
ment with relation to them. 

4. Indicate what it is that the university laboratories believe is 
the proper province for Government-financed and -owned atomic 
energy laboratories and to what extent they consider present 
Atomic Energy Commission research activities in the national 
laboratories in competition or complementary to their own 
activities. 

II. SUMMARY OF FINDINGS 


1. TYPES OF UNIVERSITY RESEARCH 


ane pertinent types of university research may be classified as 
ollows : 


(a) Research with nuclear reactors 
Only one university reactor is now in operation, although others 
are being planned and constructed. Such reactors are used for: 
i. A study of reactor characteristics. 


ii. An intense source of neutrons for use in studies of neutron 
physics. 
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(6) Basic nuclear physics 
This represents the principal field of university research. The 
principal types of work may be classified as follows : 
i. Studies of the energy states of nuclei. 
ii. Neutron physics, a study of the interactions of neutrons with 
various nuclei. 
ill. Studies of artificially produced radioactive substances. 
iv. Studies with high-energy particles. Such work has led to 
the discovery of a variety of short-lived particles and some knowl- 
edge of their properties. 


(c) Radiation damage to materials 

This is of immediate practical importance in the selection of mate- 
rials for use in nuclear reactors, and of general importance in leading 
to an understanding of the properties of solids. 


(d) Studies of the biological effects of radiation 
i. Genetics.—A study of the production of mutations by radiation. 
ii. Medicine—Includes research on methods of diagnosis and 
therapy as well as basic studies of physiological processes. 


(e) Effects of radiation on chemical reactions 


(f) Use of tracer elements 

These are being applied in a wide variety of fields such as medicine 
and public health, biochemistry and general biology, animal and plant 
physiology, agriculture. 


2. ORIGIN OF FINANCING 


It is not possible to separate unambiguously the cost of research 
from the cost of other university activities. Most universities under- 
stand research to be one of the functions expected of a member of the 
faculty, and limited support for such research, in addition to the pro- 
fessor’s salary, is usually available from what are properly called 
university funds. However, our survey indicates that the Federal 
Government is spending roughly $6,200,000 annually on the support 
of research in the 9 institutions studied and that a comparable amount 
from other sources is expended on the research in question in these 
same institutions. Excluding the radiation laboratory at Berkeley, 
which may be regarded as a national laboratory, the nationwide totals 
will approximate about twice the above figures. 


8. ROLE OF UNIVERSITY LABORATORIES 


Universities and university people are practically unanimous in the 
belief that university research should be essentially basic research. 
Even in those departments dealing with applied science, such as eng!- 
neering and agriculture, the research should be directed toward round- 
ing out and extending the boundaries of the field, rather than toward 
solving specific problems of immediate utility. 

There is a widespread feeling throughout universities that the 
Federal Government should greatly increase its support of such basic 
research, both in the universities and in the national laboratories, and 
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should do so in all fields which may be expected to contribute to the 
peaceful uses of atomic energy. Such basic research will include the 
fields of mathematics, physics, chemistry, biology, and engineering. 


4. UNIVERSITY VERSUS NATIONAL LABORATORIES 


Universities are not worried about harmful competition between 
themselves and national atomic energy laboratories. ‘They feel that 
the two groups are more nearly complementary than competitive. 
With the objective of basic research there can hardly exist a harmful 
competition. Whether the universities or the national laboratories 
are more effective in basic research cannot be determined for some time 
tocome, and only then can a real decision as to the proper distribution 
of funds be made between them. 

Of course, the universities would like more support, from the Fed- 
eral Government or any other sources, for their research activities. 
They believe, however, that there is need generally for much greater 
support of basic research and that increased support for universities 
should not imply decreased support for the national laboratories. 

The real competition at the present time is for suitably educated 
scientific personnel, and the most serious competition in this regard 
comes from the industrial laboratories. This constitutes a vital reason 
for adequately supporting the university laboratories. Only through 
them can a supply of scientific research workers be obtained. 


III. NUCLEAR RESEARCH IN UNIVERSITIES 


A major problem associated with this investigation was the proper 
delimitation of the fields of research to be considered. In the broad 
sense, probably no fundamental research in mathematics, physics, 
chemistry, biology, or engineering can be said to have no possible bear- 
ing on the peaceful uses of atomic energy. By its very nature the 
possible applications of fundamental research cannot be foreseen. 

The difficulty is particularly apparent in university research, for 
such research is rarely, if ever, classified according to expected appli- 
cations. The best university research represents the effort of a vast 
and restless curiosity, guided by a thoroughly informed and trained 
mind, to pose questions, which can possibly be answered, concerning 
the detailed and quantitative behavior of the physical world. 

To get an indication of the university research which may reason- 
ably be expected to be pertinent, the following seven categories were 
considered : 

1. RESEARCH WITH NUCLEAR REACTORS 


(North Carolina State University, Pennsylvania State Uni- 
versity, University of Michigan, MIT) 

Nuclear reactors may be used to produce heat, which can then be 
transformed to other kinds of energy. Such reactors might be used 
ma university engineering department to illustrate to students the 
principles of reactor technology. However, reactors are still very 
expensive pieces of equipment, and no university has such a facility 
for power purposes only. Only 3 of those queried, Massachusetts 
Institute of Technology, Michigan, and North Carolina State, have 
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reactors of any kind, and only 1, at North Carolina State, has been in 
operation. Pennsylvania State University also has a reactor under 
construction. 

Nuclear reactors may also be designed and used for other research 
purposes, principally as sources of intense beams of neutrons. These 
neutrons can be used for various investigations of crystal structure, 
molecular structure, or nuclear forces, and for the production of radio- 
active isotopes. Of course, the use of the reactor involves an under- 
standing of its design and operation, and may well lead to attempts 
to improve it. 

The first university research reactor which has been in operation 
for over a year at North Carolina State is being used on the following 
problems: 

(a) Studies of basic characteristics of homogeneous reactors. 

(6) Experiments on neutron slowing down lengths, diffusion 
lengths, and cross sections of isomer formation. 

(c) Neutron activation analysis. 

i. Manganese content of blood serum. 
ii. Disease resistance of plants as a function of trace elements 
in leaves. 

(d) Genetic effects of radiation. 

(e) Use of portable neutron and gamma-ray sources to measure 
moisture content and density of soils. 

(7) Effects of radiation (neutrons and gamma rays, separately) on 
textile fibers, organic molecules, and plastics. 

(g) Use of neutrons and gamma radiation to influence chemical 
processes involved in petroleum processing. 

(A) Use of neutron diffraction in molecular structure and structure 
of magnetic materials. 

{ Use of radiation in preservation of foods. 

j) Uses of tracers in plant and animal metabolism studies. 


2. BASIC NUCLEAR PHYSICS 


All work in atomic energy has grown out of studies in fundamental 
nuclear physics. These are directed toward gaining a detailed under- 
standing of the forces which hold atomic nuclei together, and of the 
nature of nuclear constituents. The various kinds of research may be 
grouped as follows: 


(a) Studies of the energy states of nuclei 


(California Institute of Technology, Columbia, Minnesota, 
Michigan, Iowa, MIT, Pennsylvania, Rice, Princeton, Pittsburgh, 

Yale, Duke, Johns Hopkins, Ohio State, Kansas, etc.) 

These are usually made with particle accelerators of moderate energy 
and high precision, such as the Van de Graaff machines, Cockroft- 
Walton accelerators, and medium energy cyclotrons. A considerable 
body of detailed information is becoming available upon which theo- 
ries of nuclear structure can be based. Because of the limitation of 
the energy attainable with the high-precision accelerators, the accu- 
rate knowledge of energy states is largely confined to the light ele- 
ments. 
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(b) Neutron physics 
(Columbia, California, Yale, Harvard, Wisconsin, MIT, Duke, 
Rice, Texas, Johns Hopkins, etc.) 

This subject includes research carried out to measure the interaction 
of neutrons with nuclei. A knowledge of this subject is fundamental 
to nuclear reactor design. A great deal of work of this type has 
been and continues to be carried out in university laboratories. Much 
information has been obtained on almost all the known chemical ele- 
ments, which all react differently with neutrons. Studies are being 
made of neutron scattering, neutron capture, fission, production of 
gamma radiation, and the production of different radioactive elements. 
All of the measurements must be carried out with neutrons of various 
energies in order to understand the processes that take place in re- 
actors, since neutrons within the interior of reactors have energies of 
from 0.04 electron volts to over 10 million electron volts. 


(c) Studies of artificially produced radioactive substances 
(California, Princeton, Washington University, Pittsburgh, 
Harvard, Ohio State, Michigan, Illinois, Purdue, etc.) 

Although these are now usually produced by neutron bombardment 
in a reactor, some are produced by bombardment with charged par- 
ticles from an accelerator. Cyclotrons are useful for this purpose and 
many of the over 400 artificially produced radioactive isotopes have 
been discovered using cyclotrons. A great deal of work is being done 
to measure the properties of these radioisotopes, including the life- 
time and the energies of the different types of radiations emitted by 
each. There are at least 25 cyclotrons in university laboratories in 
the United States. 


(d) Studies with high energy particles 


(California Institute of Technology, California, Stanford, Cor- 
nell, Minnesota, Michigan, Illinois, Rochester, Carnegie Institute 
of Technology, MIT, Princeton, Columbia, Harvard, etc.) 


High energy presets were first observed in cosmic rays and cosmic- 


ray studies still provide opportunities for work of this kind. Re- 
search in this field led to the discoveries of the positive electron by 
Anderson at California Institute of Technology in 1932, and the mu 
meson in 1937, also at California Institute of Technology. (This 
particle has a mass intermediate between that of the electron and the 
proton.) The pi meson was discovered in 1947 by Powell, and the 
K mesons in 1949, both at Bristol University. The hyperon, which is 
heavier than the proton, was discovered by Butler and Rochester at 
Manchester University. Research with these new particles has been 
oe advanced with the large accelerators at Brookhaven and at 

erkeley. Studies of the pi meson are particularly important to 
nuclear physics since these particles seem to be instrumental in pro- 
ducing the attractive nuclear forces which hold the nuclei of atoms 
together. Very recently the negative proton, or antiproton, was dis- 
covered at the University of California where it was made by bom- 
bardment with 6 billion electron volt particles. Because of their cost, 
only a few of the largest accelerators (with energies as great as 1 bil- 
lion electron volts) are in university laboratories at the University 
of California, Stanford, California Institute of Technology, and Cor- 
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nell, Other accelerators in this energy range are being designed at 
Massachusetts Institute of Technology, Princeton, and by a coopera. 
tive group of midwestern universities. 


3. RADIATION DAMAGE TO MATERIALS 


(Illinois, Carnegie Institute of Technology, Purdue, Pitts. 
burgh, Princeton, etc.) 

Bombardment of any material by nuclear particles, particularly 
neutrons, tends to displace atoms from the regular crystal lattice and 
hence to affect materially such things as mechanical strength and di- 
electric strength. Studies of this kind are of significance in the selec- 
tion of material to be used in nuclear reactors and in nuclear apparatus 
generally. Such studies have been undertaken in many university 
laboratories as part of the work on solid state physics, and nuclear 
reactors will be used extensively in this kind of work when they be- 
come available. 


4. STUDIES OF THE BIOLOGICAL EFFECTS OF RADIATION 


(a) Genetics 


(Missouri, North Carolina State, Ohio State, Texas, California 
Institute of Technology, Indiana, Columbia, Johns Hopkins, 
Michigan, etc.) 

From the time of the discovery by Dr. Muller at the University of 
Texas that X-rays produce mutations, a great deal of research has 
been carried out in universities by geneticists to study the effects pro- 
duced by all types of radiation, including beta rays, gamma radia- 
tion, and neutrons. Much work of this type continues both with re- 
spect to mutations in animals and in plants. 

(6) Medicine 

(Ohio State, Harvard, Duke, Northwestern, Pittsburgh, Cali- 
fornia, Western Reserve, Washington University, Tulane, Texas, 
Vanderbilt, etc. ) 

Perhaps the most successful medical application has been the treat- 
ment of overactive thyroids with radioiodine. Of direct medical ap- 
plication are experiments utilizing radiations in the treatment of 
cancer. The most promising work in this field has been with radio- 
active isotopes such as radioactive colloidal gold. Experimental work 
is being carried out to see whether neutron beams, such as are available 
from reactors, can be used in the treatment of disease. Certain chemi- 
cal elements including boron, lithium, and helium (mass 3) strongly 
absorb thermal neutrons and produce very localized energy in the 
form of alpha particles and proton radiations. Methods of localizing 
one of the many chemical compounds of these special atoms in diseased 
organisms show much promise for medical treatment. The problem 
is chiefly biochemical, that of localizing the special atoms in the dis- 
eased organism. Many other chemical elements strongly absorb 
thermal neutrons and then release energy in the form of beta radia- 
tions which are not quite so localized as are the alpha particle radia- 
tions. Elements in this class are rhenium, silver, indium, samarium, 
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europium, dysprosium, holmium, thulium, ytterbium, lucetium, irid- 
jum, and gold. The number of medical treatments with radioisotopes 
is very large and is expanding rapidly. Listed below are a number of 
medical uses where there is current interest. Many more medical ap- 
plications of radioactive isotopes concern their use as tracers and some 
of these will be mentioned under section 6. 

i. Thyroid treatment and diagnosis with radioactive iodine (Har- 
vard, California, Columbia, etc.). 

ii. Treatment of incapacitated euthyroid cardiac patients with 
radioactive iodine (Harvard, Baylor, Columbia, New York University, 
etc.). 

iii. Irradiation of the parametrium with radioactive colloidal gold 
(Washington University, Tulane, Chicago, etc.). 

iv. Isotope therapy for carcinoma of the pancreas (Chicago). 

v. Treatment of corneal lesions with radioactive strontium surface 
application (Western Reserve). 

vi. Kilocurie radioactive cobalt for radiation therapy (Texas, 
Chicago, etc.). 

vii. Kilocurie radioactive cesium for radiation therapy (Vanderbilt, 
Tulane, Duke, etc.). 

viii. Use of partial-cell irradiation with protons in studies of cell 
division (Chicago). 

ix. Disposal of radioactive waste (Harvard, Johns Hopkins, Mas- 
sachusetts Institute of Technology, New Mexico, New York Univer- 
sity, etc.). 

x. Studies of the nature of, and protection from, radiation injury 
(New York University, Chicago, etc.). 


5. EFFECT OF RADIATION ON CHEMICAL REACTIONS 


(Notre Dame, Rice, New York University, California, Syra- 
cuse, Vanderbilt, Arkansas, Minnesota, Rochester, North Caro- 
lina, ete.) 

The field of radiation chemistry is a large one and includes any 
chemical changes produced or accelerated by the effects of radiation. 
One of the fundamental problems deals with chemical effects in water 
which are produced by the different types of radiation (gamma radia- 
tion, protons, alpha particles, and neutrons). Radiation of all types 
produces chemical effects in water, decomposing it into hydrogen and 
oxygen gas, and forming hydrogen peroxide and radicals like OH- 
and neutral OH. There is some oiaaas that ultraviolet light may 
be a means of spreading the effects of proton radiation away from the 
immediate vicinity of the primary particle. The fundamental proc- 
esses in water are still not completely understood. Radioactivity of 
aqueous solutions greatly increases the rates of corrosion; such effects 
are related to the fundamental processes induced in water by radiation. 

Many chemical changes can be obtained in organic compounds 
through the effects of radiation and there are many current studies 
in this active field of research using either strong radioactive cobalt 
sources or high energy electrons produced by Van de Graaff 
accelerators. 


70101—56—-vol. 232 
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6. THE USE OF RADIOACTIVE TRACER ELEMENTS 


The use of a radioactive isotope of a common substance to follow 
the progress of the substance during a chemical reaction, either in a 
living organism or in an inorganic reaction, has been tried on a smal] 
scale for some 30 years. The recent availability of radioactive isotopes 
of most of the chemical elements has greatly extended the possibilities. 
Listed below are a number of the uses to which radioisotopes have 
been put in the fields of medicine and public health, biochemistry and 
biology, animal and plant physiology, agriculture, and applied science 
and engineering. 

(a) Medicine and public health 


i. Analysis of metabolism diseases (Harvard, Illinois, Meharry, 
Chicago, etc.). 

ii. Location of brain tumors (Duke, Northwestern, California, Chi- 
cago, etc.). 

ii. Immunologic investigations (Pittsburgh, Washington Uni- 
versity). 

iv. Hemotologic therapy (California, Texas, Iowa, etc.). 

v. Determination of red cell volume (California, Columbia, New 
York University, etc.). 

vi. Diagnosis of hepatic disease by the use of radioactive iodine 
(California). 

vii. Localization of eye tumors with P-32 (Western Reserve). 

vill. Use of radioactive iodine labeled “serum albumin” in the study 
of cardiac output and peripheral vascular flow (Western Reserve). 

ix. Isotope study in iron metabolism (Washington University, Me- 
harry, Baylor, etc.). 

x. Use of radioactive metabolites in studying the modes of action 
of anticancer agents and searches for exploitable biochemical differ- 
ences between normal and cancer cells. 

xi. Use of radioactive carbon dioxide in studying the metabolic and 
physiological behavior of digitoxin (Chicago). 

xii. Aminoacid metabolism in the isolated perfused rat liver studied 
with the aid of Lysine-6—C-14 and Histidine-2—C-14 (Rochester). 

xiii. Radioactive isotopes as tools in sanitary engineering research 
(Harvard, Massachusetts Institute of Technology). 

xiv. Metabolism of phosphorus in virus-host septums (Johns 
Hopkins). 

xv. The use of C** labeled compounds in tuberculosis research 
(Chicago). 

(6) Biochemistry and biology 

i. The photosynthetic cycle (California). 

ii. The mechanism of synthesis and degradation of specifically 
labeled C—14 cellulose (Florida). . ' 

iii. Dietary factors in the oxidation and synthesis of fatty acids 
by tissue preparation (Wake Forest). 

iv. Nucleotide and nucleic acid metabolism studies with Adenine-C 
(California). 

v. The biosynthesis of porphyrins (Columbia). 

vi. Some biochemical functions of the cell surface as deduced by 
isotope studies (Rochester). 
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vil. Distribution of radioactive carbon dioxide incorporated into 
rat liver glycogen (Columbia). 

viii. The application of C™ to studies on bacterial photosynthesis 
(Arkansas). 

ix. The metabolism of mucopolysaccharides (Chicago). 

x. Isotopic studies in cholesterol metabolism (California). 

(c) Animal and plant physiology 

i. The use of isotopes in the study of skeletal physiology and metab- 
olism (California, Rice, Texas, etc.). 

ii. Use of radioiodine in the study of the influence of climatic factors 
on the thyroid activity and productivity of livestock (Missouri). 

iii. Carbon dioxide fixation in the dark by leaves of succulents 
(California Institute of Technology). 

iv. Radioisotopes in animal physiology and nutrition-mineral me- 
tabolism (Tennessee, Florida, Texas, Utah, Virginia). 

v. Phosphate turnover in growing plant tissue (California Institute 
of Technology). 

vi. Use TF catinattivee iodine and thyroxine to determine the thy- 
roid hormone secretion rate of animals Michigan State). 

vil. Biological synthesis of protein with use of isotopes. 

viii. Concentration of mineral elements in the fetus and the rela- 
tionship to placental transfer of these elements (Florida University ). 

ix. Nutritional biochemistry on the metabolism of vitamins and 
amino acids (University of Illinois). 

x. The metabolism of radioactive carbon compounds in lactating 
ruminants (University of Maryland). 

xi. Studies on the physiology of ion accumulation and electrolyte 
balance in living cells (Oberlin). 

xii. A study of sulfate reduction and the biosynthesis of organic 
sulfur derivatives in higher plants (University of Pennsylvania). 

xill. Endocrine and metabolic studies utilizing radioisotopes and 
labeled hormones (Rice Institute). 

(d) Agriculture 

i. Uptake and transport of mineral nutrients in plant roots (Cali- 
fornia Institute of Technology, Arizona, California, Colorado A. and 
M., Florida, Georgia, Idaho, Purdue, Iowa, Kansas State). 

ii. Contribution of radiation genetics to crop improvement (Michi- 
gan). 

iil. Applications of radioisotopes to the study of soils and fertilizers 
(North Carolina State). 

iv. The use of radioactive isotopes to ascertain the role of root 
grafting in the translocation of water, nutrients, and disease-inducing 
organisms among forest trees (Wisconsin). 

v. Utilization of radioactive isotopes in resolving the effectiveness 
of foliar absorption of plant nutrients (Michigan State). 

B Mas: metabolism on penicillin-producing molds (Washington 
State). 

vii. Sulfur metabolism in photosynthetic bacteria (Utah). 

vill. The comparative effect of radiation and hybridization in plant 
breeding (North Carolina). 

1x. Neutron and gamma radiation as applied to measuring physical 
properties of soil in its natural state (North Carolina State). 
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x. Use of labeled compounds in weed research (California). 

xi. Resistance to rust induced by ionizing radiations in wheat and 
oats (Minnesota). 

xii. Use of radioisotopes for determining the availability of che- 
lated metals to growing plants (Florida). 


7. APPLICATION TO INDUSTRIAL PROBLEMS 


(a) Study of corrosion, corrosion inhibition, and the nature of 
metal surfaces in contact with corroding aqueous solutions (New York 
University). 

(6) Sterilization of foods by radiation (Massachusetts Institute of 
Technology). 

(ce) Sterilization of medical supplies with radiation (Michigan, 
Massachusetts Institute of Technology). 

(d@) Radiation effects in alkali halides produced by high energy pro- 
tons and gamma rays (Carnegie Institute of Technology). 

(e) Effects of irradiation of semiconductors (Purdue). 

(7) Effect of alpha radiation on combustion (Michigan). 

(9) Use of radioactive tracers in the determination of the efficiency 
of dust collection by impingement of an air jet on a liquid surface 
(Michigan). 

(kh) Use of radioisotopes in the study of temperature embrittle- 
ment in steel (Michigan). 

(¢) Study of gas-metal systems with radioisotopes (Michigan). 

(7) Nickel-nickel boundary diffusion (Michigan). 

(4) Diffusion of the iron-nickel system (Michigan). 

(2) The microstructure of sulfur-containing iron alloys (Michigan). 


IV. TRAINING OF STUDENTS IN THE FIELD OF ATOMIC ENERGY 


Possibly the most important role of universities in the application of 
atomic energy is the training of students so that they will have a wide 
theoretical and practical knowledge of nuclear science. Most of the 
peaceful applications of atomic energy require specially trained per- 
sonnel to carry on the research and development work in the universi- 
ties, Government laboratories, and industrial laboratories. The pure 
and applied research carried out in universities is not only useful in its 
own right but is equally important because most of it is accomplished 
by professors and students working together. Thus the universities 
are not only the seat of most of the advances in fundamental science, 
but the real source of all pure and applied research through the train- 
ing of students. 

This point needs emphasis since the nature of the research support 
available to universities may be helpful or detrimental in this respect. 
It should not be such as to cut the professor off from his students but 
should encourage the student participation. 


V. EXTENT AND SUPPORT OF UNIVERSITY RESEARCH 


The study of basicnuclear physics and chemistry has become rapidly 
very expensive. Thirty years ago an expenditure of $100,000 for high 
voltage equipment was regarded as a major. investment. Today, 
capital expenditures of less than a million dollars are not regarded as 
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noteworthy. As a consequence, universities are more and more look- 
ing to the Federal Government for such funds, although many uni- 
versity people are concerned with the possible consequence of signifi- 
cant dependence on such a single source. 

Apart from nuclear reactors, research in nuclear physics or chemis- 
try usually requires the use of accelerators for giving very high 
energies to positive particles (protons, deuterons, or alpha particles) 
orelectrons. Activity in such research is thus roughly indicated by the 
existence of appropriate machines. The table below indicates the 
equipment in operation at the 9 universities particularly investigated. 
The totals at the bottom of the table are included to permit comparison, 
on this particular basis, between universities, industry, Government 
laboratories, and private research foundations including hospitals. 


Summary of major nuclear physics equipment in universities 





Ion accelerators, million electron 


volts Estimated annual 


OOO —- expenditures 
Positive Negative 


Federal 
Over} Below | Above Other 
1-100 100 100 100 Govern- sources 


California Institute of Technology- y $700,000 | $370, 000 

URE ORIE Ok SII weccccencvencclsnwnccan a 700, 000 600, 000 

Cornell University 

Harvard University 
Physics 
Engineering 
Medical -- 

University of Illinois 

Massachusetts Institute of Tech- 

DON oi esi nde nadeecsacyendect 

University of Michigan ..........---- 

North Carolina State University- --- 

Rice Institute_.....-..- sl dite Raakes aie kawes 
Physics 
DE haccsscecdsen 

Universities 

ie ntinitincinicctictadaade 

Government and national labora- 

a a 
Hospitals and research:foundations- - 





! Planned. 

? Under construction. 

357 percent contributed by Federal Government; 43 percent, other sources. 
‘ Only 2 are completed. 

5’ Only partial information available on reactors in these laboratories. 


Note.—The information on accelerators outside of the 9 universities queried is taken from the University 
of California Radiation Laboratory Report UCRL-2672 dated Nov. 16, 1954, 


The accelerators are classified according to the maximum energy 
attainable. Accelerators of positive ions to energies of less than 100 
million electron volts are used principally for the study of nuclear 
energy states, those below 1 million electron volts are now suitable for 
only a few problems. Many of the electron accelerators below 100 
million electron volts are used to produce X-rays for medical or indus- 
trial purposes. 
Energies over 100 million electron volts are directed toward studies 
of the constituents of atomic nuclei and the short-lived particles asso- 
clated with them such as mesons, hyperons, and the newly a 
negative proton. Work in these fields is thus limited to a few insti- 
tutions. 
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Some indication of the scale of the research activity and the nature 
of the financial support is given in the last two columns of the table 
in terms of annual expenditures. ‘The funds under the heading of 
Federal Government come through the Atomic Energy Commission, 
the Department of Defense, the National Science Foundation, and the 
National Institutes of Health. By far the largest amount and the 
support for all of the major projects comes from the Atomic Energy 
Commission. 

The funds under the heading of “Other Sources” include grants 
from the American Cancer Society, the Damon Runyon Memorial 
Fund, the Hyams Foundation, and the Rockefeller Foundation, in 
addition to funds regarded as university funds. University funds 
include endowment income and tuition, fees, gifts from industry, con- 
tracts with industiy for specific work, and support from State and 
local governments. The estimate of these funds is very uncertain since 
the expenditures are rarely classified in such a way as to permit a 
clear distinction between university funds used for research and for 
other purposes. 

The features given indicate a total from the Federal Government of 
about $6,200,000 expended annually in these 9 institutions or a possible 
total of 12 to 14 million dollars per year in universities. If the figures 
for support from other sources are indicative (and they are probably 
low), the total funds from other sources amount to 8 to 10 million dol- 
lars annually. 


VI. Tue Functions or Untversrry LABORATORIES 


Basic research traditionally has been conducted in universities and 
in a very few research institutes. Practically all of the fundamental 
ideas underlying the present applications of nuclear energy have come 
out of the efforts of such people to understand the nature and operation 
of the physical world. Among these ideas and discoveries may be 
mentioned only a few of the most outstanding. 

1. The ideas of the special theory of relativity which permit a de- 
scription of the behavior of high energy particles. Leading up to 
this formbulation were many experiments and theoretical analyses, 
among which were: 

(a) The Michelson-Morley experiment on the motion of the 
earth through the ether, which was performed at the Case Insti- 
tute of Technology about 1887. 

(6) Experiments on the mass of an electron and the way in 
which it changes with velocity. These were initiated by Kauf- 
mann in Bonn in 1901. 

(c) Finally the definitive formulation of the special theory of 
relativity by Einstein in 1905. 

. The discovery and interpretation of radioactivity : 

(a) The discovery of the natural radiations was made by 
Becquerel in 1896. 

(6) The interpretation of radioactive phenomena in terms of 
nuclear disintegrations and transformations was given by Ruther- 
ford and Soddy, who were working at McGill University in 1903. 

8. The idea of a nuclear atom: 
(a) The idea was proposed by E. Rutherford at Manchester in 

1911 as a radical departure from the then-current view of an atom 
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as consisting of a number of electrons imbedded in a jelly of 
positive electricity. 

(6) The experimental evidence for the nuclear atom was pre- 
sented by Geiger and Marsden from Manchester in 1913. 

4. The first artificial disintegration of a nucleus was described by 
Rutherford at Manchester in 1919. The nucleus disintegrated was 
nitrogen, and it was observed in a study of the bombardment of 
nitrogen by alpha particles. 

5. The discdven of the neutron was announced by Chadwick from 
Cambridge in 1982. 

6. The first observation of the fission of a heavy nucleus was de- 
scribed by Hahn from the Kaiser Wilhelm Institute in 1938. 

The above outline indicates very briefly that over 40 years of pure 
research were needed to develop the ideas underlying the recent appli- 
cations of nuclear energy. No one of the ideas or experiments was the 
result of an effort directed toward the application. The efforts were 
part of the study of the professor and his students, and were closely 
associated with the teaching activity of the university or the researc 
institute. Such work is especially appropriate to a university, for it 
is part of the professor’s effort to ced and complete his subject. 


He cannot be satisfied with lectures which show obvious gaps in his 
knowledge or obvious deficiencies in his understanding. ‘These gaps 
and deficiencies must be remedied, and his research stems from this 
necessity. 

Although such research in the past has been done largely in universi- 
ties, there is no assurance that they will continue to dominate in the 
future. Some industrial laboratories are devoting a small amount of 


effort, although it is a very small amount. to such work. The new 
national laboratories represent a new development in this country. 
They do devote a good deal of attention to fundamental research, 
which needs to be encouraged. Whether or not the atmosphere of 
full-time research will produce as significant new ideas as the uni- 
versity atmosphere remains to be seen. It will probably be 50 years 
before an adequate judgment on this point can be made. 

The important point about basic research is that it is a source of 
radically new ideas. To develop these new ideas, it is widely held that 
the Government should support such basic research both in universities 
and in the national laboratories. On the other hand, however, it is 
very important to be sure that the support is effective and not merely 
generous. In particular, the support should be directed toward those 
individuals who are likely to see new relationships in their experi- 
mental work. Such individuals are rare and hard to identify. 
Above all, the support should not be in such a form as either to over- 
load the original investigator with routine work in which he must 
engage to keep a lot of assistants busy, nor should it be such as to 
weaken his connection with the teaching function of a university. 
Further, it should not be such as to cause the original thinker to divert 
his attention from matters which interest him to matters which seem 
likely to produce results as judged by less original persons who allocate 
the funds. 

The above comments on research in universities have largely been 
concerned with research in the science departments, such as mathe- 
inatics, physics, and chemistry. The development of engineering de- 
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partments in universities introduces an additional feature, and uni- 
versity research in engineering is just beginning to become significant. 
There is still a real difference of opinion as to how this work can 
best be carried on. How can one distinguish between university re. 
search in engineering and the normal everyday activities of an engineer 
associated with an industrial organization ? 

The real distinction would seem to be that university research in 
engineering should be based upon the ideas that come to the university 
engineer because of his study of a wide range of subjects. He is not 
forced to solve some specific problem which is presented to him, but 
can attack a problem because he believes he has an idea with which 
he can solve it. If he has no such idea, certainly support of his 
activity is not a support of university research. 

Government funds for the support of university research in engi- 
neering have begun to be available through the National Science 
Foundation and other agencies, and they would seem to be helpful 
in developing and encouraging engineering research. However, the 
danger of overloading university engineers with applied research 
which could much better be done by industry is greater even than 
in the case of the science departments. . 


Applied research 


In contrast to basic research, applied research and development are 
natural and appropriate to industry. The rewards are more pre- 
dictable and immediate, and competition provides an incentive. 

Within a university, applied research and development should not 
be allowed to interfere with the primary purpose of instruction and 
basic research. As indicated above, however, some divisions of uni- 
versities, e. g., engineering, medicine, agriculture, and so forth, are 
concerned essentially with applications of science and must be closely 
associated with practical problems. Perhaps the essential element 
which should distinguish university research in these fields from 
industrial research is that the university research should be directed 
toward a problem about which the university engineer has an idea 
and which he thinks he can solve. On the other hand, an industrial 
laboratory will undertake a problem because the industry needs the 
solution. 

The practice of supporting applied research in universities by 
Government grants or contracts can be beneficial to the purposes of 
the university and may well produce results of value, even though the 
results should not be predictable in advance. More controversial is 
the justification for setting up large development laboratories operated 
by universities, such as the wartime metallurgical laboratory at the 
University of Chicago and the radiation laboratory at the Massachu- 
setts Institute of Technology. Some of the considerations which 
justify the establishment of such laboratories are: 

1. A national emergency. 

2. The skill and experience of universities in the management 
of research. 

3. The ability to secure, for the solution of urgent problems, 
scientists not otherwise available. 

4. The need for a disinterested organization which can bring 
about pooling of information. 
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Since such large development laboratories necessarily operate in 
ways somewhat foreign to the procedures in universities, they should 
be established only if the needs can be satisfied in no other way. One 
can question the wisdom of starting any university laboratories for 
the direct development of nuclear power. The industries ought to 
be able to do the job and the Government laboratories at Oak Ridge, 
Argonne, Brookhaven, and Los Alamos already exist to satisfy the 
need for a neutral and disinterested body. 


Limitation of research activity 

The real limit on university research, and probably on all other 
research as well, is the availability of suitable persons to do it. It 
is because of this limitation that competition can be said to exist 
between various kinds of laboratories. The present heavy demand 
for research people in both Government and industrial laboratories 
has made it increasingly difficult to secure them for university posi- 
tions. This very fact has made the need for university people more 
acute, since it is only through teaching that additional men can be 
trained to fill the demand. Possibly the best argument that can be 
made for widespread support of university research is the fact that 
university research nvebres so much education and training at the 
same time. The production of new ideas is impossible to predict or 
assure. The géchaction of highly trained men 1s certain. 


Competition between universities and Government laboratories 


Most university representatives are not worried about harmful com- 
petition between universities and national atomic energy laboratories. 
They feel that the two groups are more nearly complementary than 
competitive. There is a certain amount of duplication in the research 
of these two different types of organizations, but it is generally felt 
that this is not harmful and perhaps is good in stimulating beneficial 
competition. Although it is true that in the United States most of the 
important basic research has come from universities, there is no 
assurance that this will always be true. The big national laboratories 
constitute a new experiment, and it is too early to tell whether they 
will be fruitful of new ideas. In the meanwhile it seems wise for the 
Government to support strongly basic research in both types of insti- 
tutions. 


VII. PERSONS AND UNIVERSITIES WHO CONTRIBUTED TO THE STUDY 


Information and opinions were obtained from the men and univer- 

sities listed below as well as from published sources: 

University of Michigan: Ralph A. Sawyer, director, Phoenix project. 

University of Chicago; S. K. Allison, director, Institute of Nuclear 
Studies. 

Cornell University: R. R. Wilson, director, laboratory of nuclear 
studies; L. P. Smith, chairman, department of enginering physics. 

California Institute of Technology: R. F. Bacher, director, Norman 
Bridge Laboratory; C. C. Lauritsen, director, Kellogg Radiation 
_Laboratory. 

[ ee Illinois: F. W. Loomis, head, department of physics. 

Harvard University: J. H. Van Vleck, dean, division of engineering 


and applied physics; N. F. Ramsey, professor of physics; A. K. 
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Solomon, assistant professor of biophysics, Harvard Medical School. 
Massachusetts Institute of Technology: J. A. Stratton, vice president: 
Adm. E. L. Cochrane, vice president for industrial and govern- 
mental relations. 
North Carolina State College of Agriculture and Engineering: Clif. 
ford Beck, head, department of physics. 


A SURVEY OF THE ROLE OF INDUSTRIAL LABORATORIES IN THE 
DEVELOPMENT OF PEACEFUL USES OF ATOMIC ENERGY 


Prepared by A. A. Kucher, director, and Michael Ference, Jr., associate director, 
scientific laboratory, engineering staff, Ford Motor Co., Dearborn, Mich. 


October 1, 1955 
I. TERMS OF REFERENCE 


In accordance with the request of the Panel on the Impact of the 
Peaceful Uses of Atomic Energy, we have undertaken a study of the 
character of the research and development programs now going on 
in representative industrial laboratories, and we have summarized 
the views of the directors of these laboratories and their associates 
on the role that industrial laboratories should play in the development 
of peaceful uses of atomic energy. 

It was also suggested that we obtain “some indication of what it is 
the directors of industrial laboratories believe to be the proper prov- 
ince for Government financed and owned atomic energy laboratories 
and the extent to which present Atomic Energy Commission research 
activities in the national and applied laboratories are concerned in 
competition with or complementary to the activities of the industrial 
laboratories.” 

The report contains brief descriptions of the research programs 
now underway in representative industrial laboratories, together with 
the views of these laboratory directors on the question of industrial 
laboratories versus national laboratories in the peaceful application 
of atomicenergy. A list of the companies visited and the individuals 
interviewed is attached to this report as section IX. 

We were able to visit 15 companies in the short time allotted for this 
survey. We are of the firm opinion that the sample was quite ade- 
quate and representative. After the first several interviews, we 
quickly became aware of much duplication in fact, opinions, and 
recommendations on the general problems of this survey. 

The following nine questions effectively served to guide the discus- 
sion toward our objectives. 

1. Would you indicate in brief the nature of the research carried out 
by your company in the area of the peaceful uses of atomic energy 
and its byproducts. 

2. What was the origin of these research projects ? 

(a) The result of government contracts? 

(6) Studies regarded as part of the basic program of the 
laboratory ? 

(c) Studies taken on assignment from the operating divisions 
of the company ? 
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3. In line with the above question, what amount of your inde- 
pendent, out-of-pocket research expenditures in atomic energy is justi- 
tied by— 

, (a) Business on the books ? 
b) Indicated business ? 
ts Foreign requirements ? 
(d) Domestic requirements ? 
(e) Intuition? 

4, From a long-range point of view what do you feel will be the 
impact of atomic energy or its byproducts on your company ! 

5. Do you perceive any negative effects that active development of 
atomic energy might have on your company ¢ 

6. To what extent should dventinattinaned atomic energy labor- 
atories be in competition with industrial laboratories, in the develop- 
ment of peaceful uses of atomic energy, particularly as regards the 
division between basic and applied research ¢ 

7. What is your opinion of the present patent position of the Atomic 
Energy Commission in the light of the new access agreement? 

8. Would you comment on the effectiveness of the declassification 
policy of the Atomic Energy Commission. 

9. What would be the effect of possible controlled fusion on your 
long-range research program in atomic energy ? 


Il. SUMMARY OF THE SALIENT POINTS OF THE SURVEY 


One of the striking features of the survey was the degree of 
unanimity in fact and opinion among the directors of our industrial 
laboratories. We have abstracted from the body of the report and 
present here some of the more important comments and highlights. 

1. Seven out of the fifteen industrial laboratories visited are engaged 
in systematic research in reactor systems and associated components. 
The central problem is one of determining which, if any, of the pro- 
posed reactors will be economic. 

2. Increased research effort is being directed to the subtle problem 
of the optimum fuel element, with the expectation of increasing burn- 
up from the present 1 percent to 2 percent to nearer 50 percent. 

3. The payoff for an economic power reactor is considered to be 
enormous, of the order of a billion-dollar industry. 

4. A major research effort is being applied to the question of appro- 
priate fluids for nuclear heat exchangers. 

5. One of the more important areas of atomic energy research which 
has caught the imagination of scientists in our industrial laboratories 
isthat of the effect of radiation on matter. 

6. Isotopes are being employed in studies of the nature of solid 
catalysts and of catalyst behavior in the synthesis and conversion of 
hydrocarbons. 

_ ¢. By far the greatest industrial use of radioactive isotopes has been 
in the research laboratory with very little evidence of any extensive 
use in production processes. 

8. There was unmistakable evidence that basic research in the use 
of neutrons to study the structure of materials was proceeding on a 
rather wide front. 

9. We were impressed with the optimistic tone of the research 
leaders on the prospects of radiation induced chemical processes. 
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10. Industry is looking favorably toward electrical devices rather 
than radioactive isotopes as sources of intense high energy radiation. 

11. The use of gamma rays and X-rays for the irradiation of food- 
stuffs such as meat has not been successful from an industry point of 
view because of off-flavor side reactions. 

12. No significant research is being encouraged within industrial 
laboratories in radiation sterilization technology. 

13. Of the 15 companies interviewed, 8 indicated that 100 percent 
of the research in atomic energy for peaceful uses was of laboratory 
origin and company financed; 4 others indicated at least 50 percent 
was of laboratory origin and the rest the result of Government con- 
tract; 3 indicated 50 percent to 80 percent was of Government origin, 
in the case of 1 company, the bulk of this work was started as a 
result of requests from the operating divisions. 

14. The great disparity in research effort between Government 
laboratories and industrial laboratories is of real concern to the direc- 
tors we interviewed, who feel that industry will never be able to get 
a hold of the problem and lead in atomic energy applications (as it 
does in electronics) unless the gap in budgets is narrowed. 

15. The petroleum industry is not unduly concerned with the possi- 
ble loss of the heavy fuel market in favor of reactors. 

16. Because of severe scientific manpower shortages, the question 
was posed: “Is it more important, from a national point of view, to 
push ahead in the atomic-energy field than it is, for example, to push 
ahead in the electronics or other selected fields?” 

17. The opinion was expressed that Government laboratories should 
engage in more basic research in nuclear physics and other allied fields, 
including biomedical research and should not be concerned with 
development in reactor technology. 

18. Industry must assume its traditional role of rapidly expanding 
the existing atomic-energy equity on a competitive commercial basis 
for the civilian economy. 

19. The view was prevalent that the base of operations of industrial 
laboratories could be quickly expanded by undertaking the develop- 
ment projects now under way in the national laboratories. 

20. Some segments of industry are confused as to what the future 
holds for them in atomic energy because of unsatisfactory patent pro- 
visions of the Atomic Energy Act. 

21. On the problem of declassification of nuclear information, it 
was suggested by many that the favorable trend paced by the Geneva 
Conference be nurtured and encouraged. 

22. In connection with the research program in thermonuclear 
power for peaceful uses, questions were raised as to the necessity of 
such tight security restrictions on a matter of presumed nonweapons 
character. 


III. RECOMMENDATIONS SUGGESTED BY INDUSTRY 


It was clear that industry was earnestly assessing the long-range 
potential of atomic energy in all of its facets, and with sober judgment 
and restrained enthusiasm. There were, however, a number of difli- 
culties to be overcome—some technical, others of a general policy 
nature. With respect to the latter, the following recommendations 
were suggested : 
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1. The national laboratories should be discouraged from under- 
taking additional applied research and development projects. 

9. The present project structure of the national laboratories should 
be carefully reviewed on the basis of end objective, e. g., research for 
knowledge sake or the development of devices, etc. Where feasible, 
development projects should be undertaken by industrial laboratories 
to widen industry’s base of operation in atomic energy. 

3. Serious consideration should be given to a plan that would meet 
these general objectives : 

(a) Permit the National Science Foundation to assume respon- 
sibility for all basic research in nuclear science and biomedical 
fields, and provide the NSF with appropriate national laboratories 
from existing ones, 

(b) Establish an NACA type of laboratory to serve the needs 
of industry, 

(c) Establish the AEC as a licensing agency for fissionable 
materials and the custodian of our weapons facilities and 
programs. 

4. Congressional hearings should be held as soon as is practicable on 
the patent policies of the AEC. 

5. The AEC should now declassify all information on power 
reactors. 

6. A classified industrial conference should be held to inform man- 
agement and key scientists of industry on the present status of the 
controlled thermonuclear program. 


IV. NATURE OF THE RESEARCH CARRIED OUT IN OUR INDUSTRIAL 
LABORATORIES 


In discussing research projects with the directors of the 15 industrial 
laboratories, we mutually agreed to a broad interpretation of the word 
“research.” The word “research,” as used in this report, is intended 
to encemnpent the typical activities of our national laboratories which 
include fundamental research, applied research, and development, 
particularly in the power-reactor field. Such a definition would then 
permit comparisons on an equitable basis. 

The research programs now under way in our industrial laboratories 
can be divided into three general areas: (a) Reactors of various kinds; 
(b) controls, handling equipment, and general instrumentation; and 
(c) radioactive isotopes including radiation chemistry in the broadest 
connotation of this shesoh Research programs are summarized under 
these general headings. 


A. Reactors 

By far the greatest effort in the peaceful uses of atomic energy is 
being channeled to problems associated with reactor design. Three 
classes of reactors are being considered: the large stationary power 
reactors in the 100 megawatt of electrical power, or higher category ; 
the small-type power reactors of about 10 megawatts; and research 
reactors for universities and industrial laboratories. Although the 
basic design for all of these reactors originated in our national lab- 
oratories, industry has been and is continuing the study of the problem 
of adapting industrial know-how to the fabrication of reactors. 
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It was emphasized that a breeder power reactor, though elementary 
in concept, is in substance a gargantuan engineering enterprise requir- 
ing proper fuel element and blanket configurations, effective coolants, 
efficient heat exchangers, reliable controls, safe shielding, and protect- 
ive devices against radioactive contaminants, and many other essential 
devices. The several industrial laboratories whose parent companies 
aspire to build and sell competitive reactor systems, are engaged in 
systematic research in these several technical areas. 

The central problem facing this new industry is one of determining 
which, if any, of the proposed power reactors will be able to generate 
electricity on an economic basis. The viewpoint was expressed that 
an unequivocal answer will not be forthcoming until 5 to 10 reactors 
of promising design are constructed and operated for several years. 
The opinion was also expressed that the practicability of power re- 
actors will probably not be assured unless the percentage (portion) 
of burnup fuel elements is increased from the present 1 percent to 2 
percent to upward of 50 percent. To back up this notion, these com- 
panies are directing increasing research effort to the subtle problem 
of optimum fuel elements. 

It was also noted that several of the laboratories have research 
teams studying overall reactor systems with the hope of evolving 
basically new concepts in reactor technology to overcome these difl- 
culties. The payoff for an economic power reactor is considered to be 
enormous, of the order of a billion dollar industry. 

In spite of a guarded optimism for the economic future of present 
power reactors, industry is prepared and anxious to build large power 
reactors based on available designs. These same economic factors are 
not considered deterrents to the full exploitation of present power 
reactors for countries where energy costs are considerably higher. 
Some companies are prepared to construct reactors of all types for 
the foreign market pending negotiations of suitable bilateral agree- 
ments. 

Several of the laboratories have research reactors under construc- 
tion, primarily as sources of intense neutron and gamma ray fluxes. 
The fact that such costly devices are being procured with private funds 
can be considered a good index of the extent to which industry is in- 
volved in atomic energy research for peaceful uses, 


B. Controls, handling equipment, and general instrumentation 

An impressive amount of engineering and scientific effort is being 
amend by industrial laboratories in the design and basic improve- 
ment of the many devices associated with reactors. In the course of 
this survey it was surprising to learn of the extent of the research 
effort applied to such reactor components as liquid metal pumps, pres- 
surized motor pumps, special turbine for circulating helium gas, con- 
trol-rod mechanisms, remote-handling equipment for radioactive-fuel 
elements and isotopes, leak detectors, neutron-sensing devices, heat 
exchangers, fuel-element activators, specialized electronic equipment, 
gas and liquid metal seals, ion exchange equipment, and reactor vessels. 

In the case of several of the companies, such components constitute a 
significant portion of the business. There is every expectation that 
the volume of such business will increase and become a predominant 
product of the company. ‘The research programs of these companies 
reflect this forecast. For example, a major research effort is being 
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applied to the study of appropriate fuel elements and of fluids for 
nuclear-heat exchangers. It was pointed out that no entirely satis- 
factory fluid is available and that many urgent problems in this area 
require solution. 


0. Radiation effects 

Next to power reactors, one of the more important areas of atomic- 
energy research which has caught the imagination of scientists in our 
industrial laboratories is that of the effect of radiation on matter. 
Practically every laboratory had some manpower allocated to studies 
of radiation effects. 

The problems in this promising area can be conveniently cataloged 
as follows: (1) Use of radioactive isotopes as tracers; (2) effect of 
radiation, particularly neutrons, on materials; (3) effect of radiation 
on chemical processes; (4) use of radiation for sterilization and 
preservation of foods and drugs. 

1. Use of radioactive isotopes as tracers—Practically all of the 
industrial laboratories are using radioactive isotopes as tracers or 
molecular tagging techniques. It is concluded that the tracer tech- 
nique constitutes a powerful analytical tool in the study of chemical 
reactions. Refinements in techniques havc been achieved that permit 
specific labeling of a wide variety of complex molecules and such 
organisms as blood cells, bacteria, and viruses. The availability at 
reasonable cost of radioactive hydrogen (tritium), carbon 14, and 
phosphorus 82 to name a few has greatly extended the research 
applications of such methods to biochemicals and to problems in 
agronomy. Isotopes are being employed in studies of the nature of 
solid catalysts and of catalyst behavior in the synthesis and conversion 
of hydrocarbons. By far the greatest industrial use of radioactive 
tracers has been in the research laboratories with very little evidence of 
any extensive use in production processes at this time. 

2. Effects of radiation on materials —A major research effort of 
our industrial laboratories is assigned to the study of the effect of 
intense neutron and gamma ray fluxes on various construction ma- 
terials used in reactors. Neutrons have a deleterious effect on many 
construction and fuel element materials. Considerable metallurgical 
research has been inspired by the desire to invent new alloy systems 
that can withstand radiation damage. One company is using its own 
funds to acquire a materials testing reactor to expedite research in 
this critical area. Another company is building a complete facility 
for the development and manufacture of fuel elements. 

The availability of intense neutron sources in reactors has given 
the research scientist a powerful tool for the study of the internal 
structure of materials. Neutrons are particularly useful for studies 
of the fundamental nature of magnetic materials where conventional 
X-rays are of little value. There was unmistakable evidence that 
basic research in this field was proceeding on a rather wide front. 

3. Effect of radiation on chemical processes.—With the exception 
of power and propulsion reactors, perhaps the area of greatest promise 
for future industrial exploitation of atomic energy lies in radiation 
chemistry. Throughout this survey we were impressed with the opti- 
mistic tone of the research leaders on the prospects of radiation in- 
duced chemical processes. Although it was difficult to obtain a quan- 
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titative measure of the scope of research in this area, it was clear that 
industry was giving this technical field quite a serious look. 

Some successes in the irradiation of polyethylene have given impetus 
to fundamental studies of the effect of radiation on polymer structure, 
For example, it has been found that the effects of radiation on some 
types of organic materials were of two types—a building up or cross- 
linking of simple molecules to form larger ones (polymerization), 
and a breakdown of long complex molecules to form smaller ones, 
In the case of plastics large doses of radiation have marked deleterious 
effects on their physical properties. However, small doses can im- 
prove these properties in some plastics. The melting point of 
irradiated a dcie viene has been raised 3o that it can undergo heat 
sterilization. 

Also, the possibility of inducing chemical reactions at low tem- 
peratures, i. e., “cold energy reactions,” by the use of radiation has 
generated considerable interest in the chemical and petrochemical 
industries. There is every evidence of major exploratory research 
programs in being in this broad field of radiation chemistry. 

Although radioactive isotopes can provide the high energy gamma 
and electron radiations necessary for this type of chemical process, 
they are not being extensively employed. Rather, electrical machines 
such as Van der Graaff generators, linear accelerators, and resonant 
transformers have been designed to produce intense high energy elec- 
trons and X-rays for the purpose. There are many reasons for this 
trend, the principal ones being the cost and difficult handling pro- 
cedures for intense radioactive sources. It was stated that even if 
the radioactive isotopes were obtained free of charge, the handling 
costs for intense sources would still be too high to be competitive with 
electrical machines. In the case of low-intensity sources, the eco- 
nomics favor radioactive sources. 

If these studies are confirmed, then one potentially large user of 
radioactive isotopes will be lost, thereby aggravating the waste- 
disposal problem. 

Much research effort has been expended on the problem of destroying 
food bacteria through the use of radiation. The motivation for this 
effort is clear, for if it were possible to preserve foods for appreciable 
lengths of time without refrigeration, the impact on the world food 
inventory and on the refrigeration business would indeed be of major 
consequence. The use of gamma rays and X-rays for the irradiation 
of foodstuffs such as meat has not been successful from an industry 
point of view because of off-flavor side reactions. Radiation can 
effectively destroy bacteria and does not cause harmful physiological 
effects. Samples of irradiated meat have been preserved for many 
months without refrigeration. The changes in flavor accompanying 
such irradiation, however, are serious enough to preclude their sale 
except under an emergency. 

Research is now directed toward the use of high energy electrons for 
surface sterilization. It was also disclosed that basic studies of the 
mechanisms responsible for flavor are being pursued. It was our 
observation that the peak of optimism of a few years ago for the 
irradiation of foodstuffs has receded somewhat, and as a consequence 
industrial research in this field has decreased to the point where 
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Government and university laboratories are the leaders and major 
participants. te 

In the case of the drug industry, we found little evidence that sterili- 
zation by radiation will be a major enterprise. Present sterilization 
procedures are considered efficient, effective, and reasonably low cost. 
No significant research is being encouraged in radiation sterilization 
technology. 

There is, however, extensive research in the use of radioactive iso- 
topes for studies of drug action. The availability of radioactive 
hydrogen, carbon, and other isotopes has significantly aided this 
program. 

V. ORIGIN OF THE RESEARCH PROJECTS 


In discussing the origin of the research underway in our industrial 
laboratories with responsible officials, it became clear that the bulk of 
the programs had its origin within the company laboratory groups. 
As a matter of fact, of the 15 companies in our sample, 8 indicated 
that 100 percent of the program was of laboratory origin and com- 
pany financed ; 4 others indicated at least 50 percent was of laboratory 
origin and 50 percent the result of Government contract; 3 indicated 
that 50 to 80 percent was of Government origin and the rest due to 
laboratory initiative. In the case of one company, the bulk of the 
work was started as a result of requests from the operating divisions. 

In evaluating the results, it is well to recall the terms of reference in 
which the estimates were made—only research for peaceful uses of 
atomic energy was counted. Government-sponsored work such as 
submarine and aircraft reactors was excluded. These results point up 
the fact that private industry is investing its own funds in aan 
work in atomic energy. In many of the companies these funds repre- 
sent a significant part of the research budget, and the indications are 
that expenditures will increase. However, the Government, through 
its laboratories, is spending a different order of magnitude of funds 
for applied research in atomic energy for peaceful uses than is indus- 
try. This great disparity in effort is of real concern to many of the 
technical directors interviewed who feel that industry will never be 
able to get a hold of the problem and lead in atomic energy applica- 
tions unless the gap in budgets is narrowed—more dollars invested by 
industry and less by the Government. The one notable exception was 
a plea for greater support by the Government for the biomedical 
sciences. 

The response to the question, “From a long-range point of view, 
what do you feel will be the impact of atomic energy or its byproducts 
on your company?” reflected the product line of the company to a 
sensitive degree. Those companies whose traditional business is the 

‘manufacture of boilers, controls, powerplants, etc., feel certain that 
any large-scale exploitation of atomic energy will have a great impact 
on the product line. In some instances, as much as one-third of the 
business is expected to be derived from atomic-energy products by 
1965. Although the chemical and petrochemical industries feel that 
the impact will be favorable, they do not anticipate, in the light of 
present knowledge, any major changes in their product lines. The 
petroleum industry is not unduly concerned with the possible loss of 
the heavy fuel market in favor of reactors, for example, since the sale 
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of this commodity represents a very small percentage of their total 
sales. Their real concern, however, is technological change that will 
affect fuels for mass transportation. 

There was unanimity of optimism that atomic energy will have a 
great influence in creating new and important products for our econ- 
omy, and that any substantial increase in the consumption of electrical 
energy through the worldwide use of reactors will create greater 
markets for the products of our industry. 

In the course of this discussion on the possible impact that full 
exploitation of atomic energy may have on the future economy, the 
question of the shortage of scientific manpower was repeatedly raised. 
It was not the purpose of this survey to 7 pa into this critical problem. 
However, it is instructive to note that the management of several 
companies is faced with the problem of deciding which of several im- 
portant scientific areas with attractive business opportunities will be 
allocated the limited scientific manpower. It is conceded that the 
vigorous pursuit of research in atomic energy will require some cur- 
tailment of other research projects. Is it more important, from a 
company and from a national point of view, to push ahead in the 
atomic energy field than it is, for example, to push ahead in the 
electronics or other selected fields? The wisdom of the decisions that 
will be made will have an important effect on our future economy. 


VI. InpusrrRiAL Versus GOVERNMENT OPERATED LABORATORIES 


The discussion on the proper relationship between industrial and 
Government laboratories in the pursuit of the peaceful uses of atomic 


energy was opened by posing the following question to the directors 
of the laboratories: 


To what extent should Government-financed atomic energy laboratories be in 
competition with industrial laboratories in the development of peaceful uses of 
atomic energy, particularly as regards the division between basic and applied 
research? 

The responses were both emphatic and constructive from those 
directors of laboratories where there were conflicts of interests. It 
was strongly recommended that the national laboratories should now 
place decreasing emphasis upon applied research and development 
projects. The opinion was expressed that Government laboratories 
should engage in more basic research in nuclear physics and other 
allied fields, including biomedical research, and should not be con- 
cerned with development work in reactor technology, fuel element 
fabrication, chemical processing, and similar fields where industry has 
gained competence. 

It was suggested that the many projects now underway in our 
national laboratories should be carefully reviewed on the basis of end 
objectives: Are the projects basic research for knowledge «ake or are 
me improvements in processes or development of devices? 

here was complete agreement that the national laboratories have 
done a superb job in pushing forward the frontiers of atomic energy 
and creating a priceless equity. However, industry must assume its 
traditional role of rapidly expanding this scientific equity on a com- 
petitive commercial basis for the civilian economy. Industry cannot 
accomplish this objective in competition with the heavily subsidized 





PEACEFUL USES OF ATOMIC ENERGY 497 


Government laboratories. The view was prevalent that the base of 
operations of industrial laboratories must be quickly expanded by 
undertaking the development projects now underway in the national 
laboratories. ; 

According to some laboratory directors, serious consideration should 
be given to a plan whereby the National Science Foundation would 
take cognizance over all basic research in nuclear science and bio- 
medical work, an NACA type of laboratory would be created to serve 
the needs of industry, and the AEC would become a licensing agency 
for fissionable materials and the custodian of our weapons facilities 
and programs. 

Such a plan was considered to have great merit. The programs of 
our present national laboratories could be reoriented to serve these 
three rather distinct objectives. The extensive facilities required for 
basic research in nuclear science—cosmotrons, reactors, synchrotrons, 
and so forth—are far too costly for our universities and industries. 
The National Science Foundation would provide these facilities to 
our universities through Government ak 


VII. THE PATENT AND DECLASSIFICATION POLICIES OF THE AEC 


It was inevitable that questions should be raised concerning the 
patent and declassification policies of the AEC. 

There was great concern that many aspects of our patent policies, 
including those of the new access agreements are unsatisfactory and 
not conducive to the vigorous devdounaied of the peaceful uses of 
atomic energy. Some segments of the industry are confused as to 


what the future holds for them in atomic energy because of the unsatis- 
factory patent provisions. There was also concern that the more lib- 


eral patent policy of foreign countries will give foreign competitors 
a significant advantage in the development of power reactors. 

It was recommended that congressional hearings be held as soon as 
is practicable on the patent policies of the AIC. 

On the problem of declassification of nuclear information, it was 
suggested by many that the favorable trend paced by the Geneva Con- 
ference be nurtured and encouraged. It was the consensus that the 
Geneva Conference pointed up the fact as suspected by many that 
foreign countries had more iaieenthien than was realized, and that 
many American companies without access to classified data were 
placed in a disadvantageous position relative to foreign countries. 
However, those companies with AEC contracts harbored no com- 
plaints with the present declassification policies. 

_The opinion was widespread that the AEC should seriously con- 
sider declassifying all information on power reactors. The possible 
loss of some information to unfriendly nations is overwhelmingly bal- 
anced by gains which can be expected from the large numbers of scien- 
tific personnel who do not have access to classified nuclear data. 
Scientific techniques are broadly useful and therefore information 


from our nuclear programs is applicable to entirely unrelated scien- 
tific fields. 
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VIII. THE PROBLEM OF CONTROLLED FUSION 


The rather optimistic comments made at the Geneva Conference by 
several of the leaders of atomic energy programs raised questions as to 
the scope of our programs in controlled thermonuclear power. The 
discussion was keyed by posing the following leading question : 

What would be the effect of possible controlled fusion on your long-range 
research program in atomic energy? 

Although no one had specific information as to the extent of progress 
in this field, the fact that it was publicly revealed that we are working 
on controlled fusion for power immediately led to scientific specula- 
tion as to the chances for success and its impact on future fission 
programs. 

Questions were raised as to the necessity of such tight security re- 
strictions on a matter of presumed nonweapons character. Since the 
possibility of controlled fusion at any reasonable future date could 
have important repercussion on our fission programs, industrial labo- 
ratory leaders recommended that they be informed on this matter. 

It was suggested that a classified industrial conference be held to 
inform management and key scientists on the present status of the 
controlled fusion program. Industry could then make its own assess- 
ment of the importance of the fusion program relative to the present 
and future fission programs. 


IX. ORGANIZATIONS VISITED AND INDIVIDUALS INTERVIEWED 


Swift & Co.: 
Dr. R. C. Newton, vice president, research 
Dr. W. Urbain, associate director of research 
The Dow Chemical Co. : 
Dr. M. E. Putnam, president 
Dr. R. H. Boundy, vice president, research 
Dr. Frank Lande 
Dr. William Beamer 
Dr. Ludo Freval 
Dr. Norman Wright 
Babcock & Wilcox Co. : 
W. T. Moore, vice president, atomic division 
P. R. Grossman, director, research 
L. F. Kooistra 
R. V. Blaser 
J. J. Owens 
J. Landis 
Westinghouse Electric Corp.: 
Dr. C. Weaver, vice president, atomic energy division 
William A. Steiger, manager, patent division 
Dr. E. Hutcheson, vice president, research and engineering 
Bendix Aviation Corp.: 
M. P. Ferguson, president 
J. Fontaine, director of research 
Dr. Russ O’Neal, director of system activities 
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Parke, Davis & Co.: 
Dr. L. A. Sweet, vice president in charge of research and develop- 
ment 
Dr. A. E. Bratton, director of pharmacologica research 
Dr. A. J. Glazko, director of biochemistry 
Dr. J. Weston, director of pathology 
Dr. J. Controulis, assistant director of product development 
W. Holcomb, business manager 
Texas Co. : 
M. Halpern, senior vice president 
Dr. F. H. Holmes, vice president of research and development 
Dr. W. E. Kuhn, general manager of research and development 
Dr. L. C. Roess, manager of physics department 
American Machine & Foundry Corp.: A. V. Peterson, vice president 
of AMF atomics 
General Electric Co. : 
Dr. C. Guy Suits, vice president and director of research 
Dr. K. H. Kingdom 
Dr. J. Burke 
Bell Telephone Laboratories, Inc. : 
Dr. W. O. Baker, director of physical sciences 
Dr. S. Millman, manager, physics department 
A. W. White, head semiconductor group 
Esso Research & Development Co. : Dr. F. Barr 
Radio Corporation of America: 
Dr. E. W. Engstrom, executive vice president, research 
Dr. Douglas H. Ewing, administrative director 


High Voltage Engineering Corp. : Dr. Davis R. Dewey IJ, vice presi 
dent 
Tracerlab, Inc. : 
Dr. William E. Barbour 
Dr. Homer Myers 
Allis Chalmers Manufacturing Co. : R. C. Allen, manager, mechanical 
engineering 








BACKGROUND MATERIAL FOR CHAPTER 13 
MANPOWER AND EDUCATION 


SUMMARY OF LABOR SEMINAR, DECEMBER 28, 1955 


The following summary of the labor seminar was prepared for the 
panel by Mr. Andrew Biemiller, discussion leader. 
Darticinenil ; 
Andrew Biemiller, discussion leader, AFL-CIO, 901 Massachu 
setts Avenue NW., Washington, D. C. 
James A. Brownlow, president, metal trades department, AFI. 
CIO, 901 Massachusetts Avenue NW., Washington, D. C. 
Orin Burrows, International Brotherhood of Electrical Work- 
ers, 15th and M Streets NW., Washington, D. C. 
Jerry Flinn, International Association of Machinists, 9th and 
Mount Vernon Place NW., Washington, D. C. 
anes Goodman, AFL-CIO, 735 15th Street NW., Washington, 

Charles F. MacGowan, international representative, Inter- 
national Brotherhod of Boilermakers, 1837 Crestwood Avenue, 
Munster, Ind. 

Joseph Phillips, United Association of Journeymen and Ap- 
laws: of the Plumbing and Pipe Fitting Industry, 817 South 

coville Avenue, Oak Park, Il. 

Elwood Swisher, vice president, Oil, Chemical, and Atomic 
Workers, 1840 California Street, Denver, Colo. 

Dr. Irvine Tabershaw, director, division of Industrial Hygiene, 
New York State Department of Labor, 80 Center Street, New 
York, N. Y. 

Lloyd Utter, director, industrial health and safety division, 


UAW, 8000 East Jefferson Avenue, Detroit 14, Mich. 


Participants of the labor seminar took occasion to review the role 
of organized labor on the peaceful uses of atomic energy. They con- 
ceived of their participation as consisting of two phases: one phase 
broadly representative of a large membership, in the public interest 
seeking the maximum application of this new science and industry for 
the broadest beneficial uses for all; on the other hand, trade-union 
leaders also represent the workers in this new expanding industry in 
collective bargaining and related matters. The labor seminar partici- 
pants therefore discussed many aspects of the impact of the Atomic 
Energy Act of 1954. 

Primary emphasis was placed on the necessity of the United States 
to maintain foremost leadership in bringing about the most wide- 
spread peaceful uses of this new science. At the same time special 
attention was paid to the need for protection from hazards, both of 
the workers engaged in the actual operation of the new industries 
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being established which use atomic energy, and also the communities 
in which such atomic energy plants are located. 

There was general agreement that it was urgent to accelerate the 
application of peaceful uses of nuclear science here in the United 
States. While some substantial developments have occurred, particu- 
larly application of the use of emanations from radioactive substances, 
there was a general feeling that both government and private develop- 
ment is proceeding too slowly and there is danger of more general 
application of some phases of nuclear science outside the United States 
before present procedures crystallize successful achievement here. 
This is particularly true in the hesitant progress being made in the 
application of atomic energy for the production of power. 

It was pointed out that many present procedures under the Atomic 
Act of 1954 seemed to be based on an acceptance of the establishment 
of a vacuum of investment to be filled by Government subsidy for the 
benefit of private enterprise exclusively. There was general agree- 
ment that the development of this program should be pushed vigor- 
ously both by Government and private enterprise and that segment 
of the new industry representing the effort of private enterprise should 
not be brought into existence by public subsidy. At the same time, 
the operation of the total program, both as it relates to potential power 
developments as well as the nonpower application of nuclear sciences, 
which may well turn out to be the most significant, must be adminis- 
tered in the public interest. The benefits of this science which was 
extensively developed through the expenditure of public funds must 
be made generally available so that the total population who footed 
the bill will benefit from the investment which has been made in their 
behalf. This requires vigorous enforcement of the Government au- 
thority to prevent any advance beneficial of knowledge in this field 
from creating a bottleneck of monopoly. Both under the military 
operation of the Manhattan project and of the development of the 
atomic-energy industry under the AEC, a relatively few industrial 
firms were given the know-how in advance of their many potential 
competitors. The Government must find a way to prevent any abuse 
of this knowledge gained by a few firms while acting as contractors 
for the United States. It is important, therefore, that the adminis- 
tration of this law be vigorous in the public interest and that ways 
be found to develop potential industries as rapidly and as widespread 
as possible. Private patent rights should be restricted to those devel- 
opments which will not result in bottlenecks of monopoly. All others 
must be declared in the public interest; otherwise the Atomic Energy 
Commission will fail in its responsibility to secure the widespread 
beneficial gains from this new science which the public investment in 
its development justifies. 

The labor seminar participants particularly felt the need for the 
more rapid development of peaceful application of the nuclear 
sciences. In view of the gains which have been reported both here 
and abroad they felt that the Atomic Energy Commission has failed 
to encourage the development of the maximum peaceful use by pro- 
cedures under section 103 of the act. The Commission ought to revise 
its procedures for making findings of “practical value.” The Com- 
mission’s failure to make such a finding to date can be justifiably criti- 
cized as long as private enterprise is prepared to invest risk capital 
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during the development stage of the first few working power reactors. 

The labor participants felt that the Government itself, as well as 
providing an opportunity to private enterprise for risk-capital cevel- 
opment, should proceed in the construction of a number of large-scale 
power reactors. Some of these could be located in areas to meet part 
of the Government’s own requirements for electric power. In this 
whole connection it was generally felt that the licensing power of the 
AEC should be used to help encourage the development of the appli- 
cation of this new science under adequate standards to protect the 
public well-being and not be used as a means for hindering expansion 
or experimentation in this field to protect existing investment. 


HEALTH AND SAFETY 


The peculiar nature of radiation makes health and safety a prime 
concern of peaceful atomic development. We must assure that such 
development proceeds on the basis of thorough, effective control of 
radiation hazards. 

Unfortunately, there is a danger that the apparent good safety 
record at atomic energy installations may lull many into an unwise 
sense of security. The need for strict observance of necessary health 
and safety standards is actually increasing, both because radioactive 
equipment and substances are being used more widely and because 
such use is increasing by persons who may not be as aware of or as 
competent to handle the dangers of radiation as atomic specialists. 

We must never lose sight of the fact that radiation cannot be de- 
tected by a man’s senses, so that the danger of exposure is not imme- 
diately apparent. Injury also may not be evident until a considerable 
period after unsafe exposure. Moreover, exposure may shorten life or 
produce genetic damage even though there is no apparent injury. 

Conscientious expert precautions are therefore necessary for the 
safety and health of the general public. Additional safeguards are 
of course required for those who work with or near sources of radi- 
ation. Radiation hazards are largely beyond the control of the indi- 
vidual workman, who cannot avoid risk merely by exercising reason- 
able care as in the case of most other industrial hazards. 

Various positive safeguards are required where radiation is em- 
ployed: Protective equipment and shielding, regular and thorough 
checks on the amount of radiation present, detailed records of ex- 
posure, and specialized safety information and training programs are 
among the special needs. No skimping should be permitted on such 
protective measures. 

The Federal Government must carry the responsibility for establish- 
ing and enforcing the minimum standards required for nuclear reactors 
and radioisotope handling to assure the maintenance of public and 
worker health and safety. 

The Atomic Energy Commission should also incorporate the re- 
quired health and safety regulations directly into its licenses to insure 
that complete observance is a basic condition of continued reactor 
operation or of use of radioisotopes. The regulations should be en- 
forced through cancellation of licenses where operators do not adhere 
fully to the regulations. 





504 PEACEFUL USES OF ATOMIC ENERGY 


This is an area in which the different States generally lack the re- 
sources of technically competent personnel required to enact and en- 
force fully adequate health and safety regulations. Where States do 
adopt a code covering all types of radiation hazards which meets Fed- 
eral minimum standards for health and safety, they should be given 
grants-in-aid to help provide the trained personnel necessary to carry 
through complete inspection and enforcement. . : 

Special brief comments appear in order on the allowable amount of 
radiation exposure. There appears to be some ground for believing 
that the present maximum permissible exposure as recommended by 
the National Committee of Radiation Protection of 0.8 roentgen per 
week is excessive. 

A special] report presented at the Nuclear Engineering and Science 
Congress in Cleveland in December 1955 by Professor Whipple stated 
that such exposure— 
has a small but significant risk for a lifetime occupational exposure. It is 
strongly recommended that a figure no greater than one-tenth of this be taken 
as a criterion for a nuclear powerplant. Proper regard for the control of radia- 
tion hazards in the plant design will reduce the risks to employees and will also 
reduce operating costs. 

In considering the advisability of a more restictive criterion, it may 
be advisable to give added weight to the fact that the exposure during 
work hours may be supplemented by occasional further exposure 
after hours, especially as radioactive materials come into wider use. 
While the worktime exposure may be within a safety limit, the com- 
bination with other exposure might in some instances reach dangerous 
proportions. 

Part of the radiation danger stems from the cumulative effect of 
continued or repeated exposure. It appears highly desirable, particu- 
larly in light of the uncertain extent of possible carryover of injury 
to future generations, to limit the time in which atomic energy work- 
ers are exposed by establishing shorter hours work and longer vaca- 
tion periods. 

The model code prepared by the International Labor Organiza- 
tion in 1949 recommended for workers exposed to radiation a 35-hour 
week with at least a 4-week annual vacation, together with 3 months 
away in some other work once in every 15-month period. 

It is also important that each worker be given a copy of the tally 
sheet recording his exposure, both to help provide an additional check 
on adherence to the limitations and to help maintain worker awareness 
of the hazard. 

Finally, top priority should be given to the need for provisions 
for equitable compensation for workmen who do suffer injury or ill- 
ness from the effects of radiation. Existing State workmen’s com- 
pensation legislation laws are ‘argely inadequate for this purpose, 
since they have been developed without regard to the peculiar prob- 
lems of radiation injury. ; 

This need should be met as early as possible through Federal legis- 
lation or powers provided under the AEC’s licensing authority. 

Such compensation legislation explicitly covering radiation dam- 
age should not contain a statute of limitations, inasmuch as radiation 
injury and the nature and extent of its effect may not be evident for 
a considerable time after exposure. Restrictive statutes of limita- 
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tions included in State laws have not been designed with this prob- 
lem in mind and should not be applied to prevent valid claims for 
compensation for radiation injury where damage has not come to 
light until years later. 

In the same way, limitations on medical benefits should be waived 
for radiation injury. There is no adequate basis for determining 
equitable limits and the paramount concern should be to provide 
victims of radiation injury with all necessary medical attention. 


MANPOWER 


Manpower questions raised by atomic energy development have 
been handled largely on a makeshift basis. They are too important 
to atomic progress and the well-being of workmen to permit a con- 
tinued catch-as-catch-can approach, 

These are among the principal areas requiring high-priority con- 
sideration and specific constructive programs: Overall manpower 
requirements in coming months and years; particular occupational 
needs; effect on employment generally; the types of jobs from which 
workmen may be displaced and the measures necessary to meet their 
needs; the new labor skills which must be developed and the training 
programs necessary to achieve them; public knowledge and under- 
standing of atomic developments to provide a firm basis for a successful 
manpower program; and the meeting of special communty problems 
raised for work forces at isolated atomic installations. 

To the best of our knowledge, atomic development has been pro- 
ceeding with highly inadequate knowledge of its likely total manpower 
requirements or the scope of impending needs for specific types of 
skilled labor. Thorough exploration of these needs is urgently 
required. 

At the same time, detailed investigation is necessary to the extent 
of possible adverse effects on employment or particular types of jobs 
as a result of expanding peacetime uses of the atom. Plans should be 
drafted to minimize the effect of any likely worker dislocation. Cer- 
tainly one of our most immediate concerns is the availability of 
necessary skilled workmen and of training programs to develop them. 
_ This will be a crucial factor in determining the pace and scale of atomic 
advances. Scientific forward strides can be translated into practical 
application value only as rapidly as skilled operating personnel become 
available. If we fail properly to recognize and sensibly to meet needs 
for different types and numbers of skilled workmen, peaceful develop- 
ment of atomic energy will be handicapped unnecessarily by skill 
shortages. 

The United States has the greatest pool of skilled technicians and 
craftsmen of any country in the world. These persons have shown 
an eagerness, when given the opportunity, to learn the new skills and 
improve old ones which are essential to the developing atomic industry. 

Many unions have shown commendable foresight and energy in 
presenting refresher courses to journeymen and instituting apprentice- 
ship programs to provide an adequate supply of skilled workers. 
However, they have run into serious handicaps in determining how 
existing skills should best be supplemente?, the degree and nature, of 
new technical knowledge which should be taught, and the type of 
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adaptation necessary in apprenticeship programs to provide required 
new understandings and skills, as well as in developing other phases 
of training activities. 

The Atomic Energy Commission generally has supplied certain 
necessary information when requested but has shown a woeful lack 
of initiative in developing training programs. AEC contractors have 
in some instances flatly refused to go along with apprenticeship and 
upgrading programs. In large part the AEC ann its contractors 
have been content to raid skilled workers from other industries and 
rely on the efforts of unions and a few other employers to supply 
trained journeymen. 

Recently attention has been centered on the relatively small number 
of engineers and scientists being graduated from American univer- 
sities. We recognize this problem and urge that every effort be made 
to correct this shortage, including the establishment of necessary 
scholarships and other incentives. Some of such scholarships should 
be open on a cooperative education basis to appears 

But the real training problem which has been glossed over involves 
primarily operating personnel in atomic plants and, increasingly in 
the future, in the expanding range of applications in industry gen- 
erally. The AEC should take organized labor into complete confi- 
dence, drop shortsighted and meaningless secrecy regulations, and 
work in full partnership with management and labor to foster both 
retraining al apprenticeship programs. Funds and, when necessary, 


personnel should be made available for these programs. 
It is obvious that new and greater skills will be needed as peacetime 
uses of atomic energy continue to grow. But it is our opinion that 


most persons with a high-school education, plus specialized training 
in a craft or skill, can become proficient employees for the atomic 
industry. 

The task of preparation should be aided by evaluation and institu- 
tion of basic improvements in our educational system to help provide 
a more adequate foundation for the future training of skilled workers, 
as well as of scientists and engineers. Appropriate materials should 
be made available to primary and secondary schools so that children 
will be informed at an early age of the nature of the atomic world that 
is dawning. Such information would also stimulate more young peo- 
ple to train themselves for jobs in atomic industry. 

It is also desirable that other steps be taken to inform the American 
people fully of the nature and problems of the coming atomic age. 
Traveling exhibits should be further developed by the AEC and sent 
to every part of the country. There is tremendous curiosity on the 
part of the entire population and every effort should be made to dis- 
seminate authentic information. A sound program of public infor- 
mation will do much to allay fears and misunderstandings now extant 
and to bring the true story of the possibilities of atomic energy to 
everyone. 

It is essential to all these proposals that the AEC proceed immedi- 
ately to declassify all information essential to the peacetime uses of 
atomic energy. Without this key step, confusion will continue, 
rumors abound, and training programs lag. 

Special labor force problems have arisen and will continue to arise 
where atomic energy installations have to be built in relatively isolated 
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locations. Communities have to be developed to provide family living 
quarters for the installation’s manpower. 

The normal range of community services—schools, hospitals, trans- 
portation, recreation facilities, shopping quarters, roads and street 
paving, Sewerage, garbage disposal, and so on—must be adequately 
provided. 

Rent and utility charges and transportation fares should be main- 
tained on a basis fair to the work force. Where these and other 
charges in neighboring communities have been inflated to take ad 
vantage of the spill over from the installation community, they should 
not be used as a basis for justifying increases in the installation com- 
munity. It is important to keep faith with workers who were re 
cruited to the isolated community on the basis of reasonable rent, 
utility and other living costs by preventing such costs from rising. 

The peculiar nature of atomic installations often may require that, 
even after the worker reaches its entrance, he is forced to travel for a 
considerable time before reaching his work station to start his shift. 
Equity requires that workers be compensated for such enforced travel 
time over which they have no control and be provided transportation 
without charge for such installation travel. 

Finally, residents of such atomic communities should be permitted 
in the American democratic tradition to elect community officials 
and participate fully in the operation of government of their com- 
munity facilities. 


LABOR RELATIONS 


The growth of atomic energy operations requires that particular 
attention be given to the development of a sound labor management 
relations program with maximum emphasis on free collective bar- 
gaining. 

Collective bargaining in private industrial plants using atomic 
energy should, of course, be on the same basis as any private industrial 
plants. 

We urge the establishment of a special labor management advisory 
committee to the AEC and believe that such committee would be of 
great assistance in establishing a basis for more satisfactory relations 
between the AKC, its contractors and workers. This committee would 
advise the AEC in developing sound labor management relations 
programs, as well as its manpower programs, health and safety stan- 
dards, other aspects of labor relations, and the administration of 
atomic communities. 

There are pressing problems in labor-management relations needing 
immediate solution. The proposed committee could be helpful in 
solving them, but in any event answers must be found. 

One such issue is the problem of securing equity as to the proper 
allocation of costs of labor management disputes in those plants op- 
erated by contractors on a cost-plus basis. Management of plants now 
operated on a cost-plus basis frequently fail to settle even the sim- 
plest grievances at the foreman and shop steward level because the 
Government currently bears the total bill on the management side 
resulting from the excessive use of appeals or arbitration. 

Also, except only where satlonal security is endangered, there 


should be a free interchange of information between employees and 
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their representatives relative to job content and functions so that 
collective bargaining can be facilitated. 

It is further important that there be an acceptance by the AEC 
operating companies of better union security provisions in their col- 
lective bargaining agreements than exist at the present time. Im- 
provement in such provisions will assist in promoting sound collec- 
tive bargaining relationships. 


Wuart Inpustry AND Lasor Are Dorna To PREPARE MANAGEMENT, 
PROFESSIONAL PEOPLE, AND SKILLED WorKERS FoR Atomic ENERGY 
PARTICIPATION 


Prepared by Atomic Industrial Forum, Inc. 
September 1, 1955 
A. STATEMENT OF THE PROBLEM 


The Atomic Energy Act of 1954 became law August 30, 1954. The 
previous law reserved to the Government all initiative and all respon- 
sibility for atomic energy development. Ownership resided in the 
Government; industry worked only as a contractor to Government. 

Under the new law industry can resume its traditional role in this 
country’s economic development of evaluating an opportunity, risking 
its capital, and—if successful—in earning a profit. It can do this 
alongside of Government, while the latter continues its atomic defense 
program and its research and development activities associated with 


the constructive or peaceful use of the atom. 

By virtue of the new law and of continuing technical development 
of the nuclear art, the country and the world is witnessing the develop- 
ment of a new industry built on atomic energy. Presumably it will be 
a very large industry because it represents enormous quantities of 
energy, and living standards are but a reflection of energy applied to 


people’s needs. 


It is extremely important, from a national and international stand- 
point, that the peaceful uses of atomic energy be fully developed. By 
raising living standards economic tensions may be correspondingly 
reduced, and the prospects of a peaceful world enhanced. So every- 
thing must be done to clear the way for full-scale, rapid development 
and use of atomic energy. 

This report deals with one important educational objective. It 
deals with what is being done now and what is planned by industry, 
labor, and Government to enable business management, scientists and 
engineers, and skilled plant workers to make their maximum contri- 
bution to nuclear development and application. 

This objective needs to be accomplished while the economy is operat- 
ing at or near capacity. This means that industry and labor are 
almost if not fully employed, and profitably so. It means that the 
demand for scientists and engineers is greater than their supply in the 
fields of chemical, electrical, mechanical, and aeronautical engineering, 
and in chemistry, physics, metallurgy, mathematics, and other sciences. 

So an industry has to wedge its way into a full economy. It has 
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to compete for an already short supply of people at all levels of educa- 
tion and training. The incentives and rewards, however, are believed 
to be sufficiently inviting to enable this new industry to develop. 

A recent study by the Atomic Industrial Forum entitled “A Growth 
Survey of the Atomic Industry—1955-65” estimates that a minimum 
of $3 billion and a maximum of $7.5 billion will have been — in 
the decade ended in 1965 on nuclear reactor plants. An additional 
$1.4 billion minimum or $2.5 billion maximum will be spent on related: 
research and development. It estimates that the annual rate of invest- 
ment in nuclear powerplants will be between $500 million minimum 
and $1.5 billion maximum in 1965, and a minimum of $200 million up 
to a maximum of $400 million will be spent on research and develop- 
ment. Whereas today approximately 15,000 scientists and engineers 
are employed in nuclear energy activities, by 1965 between 30,000 and 
40,000 will be required. This maximum growth will require about 
6 percent of the scientists and engineers graduated annually, on the 
basis of this year’s number of graduates. 

This means that we cannot wait for the estabiished and traditional 
processes of formal education to produce a new crop of management 
who will comprehend the problems and opportunities of atomic en- 
ergy, or to produce an adequate number of university trained scientists 
and engineers. Industry and labor must work out practical pro- 
cedures to enable their people to take on the responsibilities of atomic 
energy and to satisfy those responsibilities creditably. And this must 
be done in advance of or at least in time of the need or opportunity 
itself; it would be unfortunate if atomic energy development and ap- 
plication were to be slowed because the people to carry out the neces- 
sary tasks were not adequate to their jobs. 

Manufacturers are actively assembling staffs to carve out a place 
in the coming atomic energy industry. Many companies have set up 
nuclear divisions. They are running into the hard economic facts 
that there is a serious shortage of people in all categories of technical 
-apabilities and knowledge. Full employment of approximately 65 
million presents a serious problem of finding the people to man this 
new industry. Further, it is an industry which might well be em- 
ploying a few hundred thousand within the next decade, and prob- 
ably a steadily increasing number after that. 


B. OBSERVATIONS AND CONCLUSIONS 


1. A shortage of management, scientists and engineers and skilled 
workers exists in the atomic energy field. 
_2. The shortage of scientists and engineers will continue for some 
time. 
_ 3. The shortage of scientists and engineers has made it more difficult 
lor management to get the technical information and counsel it needs 
for planning and operations. 
_ 4. The shortage of engineers is causing management to increase 
its efforts to find, train, and upgrade skilled workers so they can pro- 
vide greater support to degree-holding engineers. 

+. The atomic energy industry will require a diversity of skilled 
workers and technicians. Industry, labor organizations, and Gov- 
ernment must do more to improve the training of such people. 
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6. Secrecy has adversely affected management’s efforts to learn 
and to plan. 

7. Conversely, the access permit system providing for “L” or lim- 
ited clearance will enable industry to plan better and to move ahead 
faster. 

8. Industry has drawn heavily on the Atomic Energy Commission 
and its prime contractors for nuclear-trained people at management, 
engineer and skilled worker levels. 

9. Somewhat higher pay scales have enabled industry to attract 
people for atomic energy work. 

10. Another inducement which has enabled industry to draw peo- 
ple from other industries is the allure of a new industry. 

11. Some engineering categories in atomic energy require retrain- 
ing which takes a long time and is expensive. 

12. The large companies tend to have thorough and well-integrated 
programs of education for management, technical people and skilled 
workers. 

13. Smaller organizations cannot afford in-plant classroom training 
for skilled workers and technicians. Therefore, the vocational high 
schools, the technical junior colleges, and technical institutes and the 
training programs of organized labor are more important outside 
training sources for skilled crafts and technicians for small companies 
than for large. 

14. Organized labor is strengthening its apprenticeship programs, 
and is working to redefine job skills in light of changing work re- 
quirements. 

C. PROGRAMS 


1. INDUSTRY 


A. COMPANY PROGRAMS 


The individual or individuals responsible for a company’s getting 
into atomic energy vary by title. With some companies it has been 
the president, with others it might be another officer or a director or a 
staff member such as the research director. This initial interest fre- 
quently results in a management committee being named to look into 
what atomic energy is and what it might mean. Sometimes there is 
a policy or preliminary study committee to which is attached a small 
staff, and this staff explores the field for information and suggestions. 

A frequent move, once a decision has been made to explore this field, 
has been to approach the AEC for information. Prior to the pas- 
sage of the Atomic Energy Act of 1954, this approach was channeled 
to the AEC Office of Industrial Development. With the abolishment 
of that office and passage of the 1954 act, industry began to turn more 
and more to industry sources. Today, companies are more apt to 
turn to other sources. They might send representatives to the Atomic 
Industrial Forum, and many of them do, for a discussion of what 
prospects the atomic energy industry might offer. Or they send 
representatives to meetings such as are held by the forum, the National 
Industrial Conference Board or other organizations, or to their trade 
association, or to the professional engineering societies. . 

Another early step by many companies is to seek out a consultant 1n 
the nuclear field, and look to him to guide them up to the point of 
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decision as to what participation the company might attempt. And 
others go to business acquaintances or friends in other companies 
already engaged in some atomic energy work. 

Once management has decided to get into the nuclear field, how 
does it go about becoming informed? To some extent this is accom- 
plished through outside sources, and to some extent it is done inter- 
nally. 

The larger companies, as might be expected, have channels set up 
for intramanagement communications. Significant nuclear energy 
reports, surveys and other published material are routed to interested 
individuals. Committees are set up to study or act for the company 
in some sector of its interests. Seminars are organized at which staff 
members or outside authorities are brought in to discuss problems of 
interest to a management group. 

Some external means by which management keeps informed are: 
(1) attendance at meetings on atomic energy, (2) assignment of a 
representative to a school conducted by one of the national laboratories, 
(3) assignment of a representative to a management school such as is 
conducted by the National Industrial Conference Board, (4) employ- 
ment of a consultant, and (5) participation by the company in an 
industrial study group. 

The conference board has had three sessions of its management 
course and a fourth is planned. These are for 1 week, and each has 
been attended by 75 individuals. The course consists of an explana- 
tion of the fundamentals of atomic energy and its power, industrial 
and research applications, and is for nonscientifically trained business 
executives, 

Of enormous significance to the education and training of individ- 
uals in industry and Government has been the educational program 
of the national laboratories. They have played a vital role in training 
scientists and engineers in nuclear techniques, and in providing them 
with an education which has enabled them to make effective the 
necessary expansion of the Government’s program. Inasmuch as 
the education and training programs of the national laboratories have 
been primarily for scientists and engineers, a more complete discussion 
of their work will be taken up in this report’s section on Government. 

It is mentioned here because a small proportion of students attend- 
ing courses at Oak Ridge, Brookhaven, or Argonne have been from 
management. 

The programs of the various engineering societies also will be 
discussed in more detail in the section on The Engineering Societies, 
because they are primarily for chemists, chemical engineers, mechani- 
cal engineers, electrical engineers and other disciplines at the operating 
level rather than management. But here, too, management is rep- 
resented, and the effect of these societies on management thinking is 
considerable. 

What certain companies are doing 

Kight manufacturing companies, a design and engineering firm 
and a power study group were requested by the forum to outline what 
they are doing to inform and train their people for atomic energy 
work. An effort was made to obtain companies representative of 
those now actually engag»d in nuclear work, or in the case of electric 
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power companies, to include companies building or planning to build 
reactors. 

The training programs of General Electric, Duquesne Light and 
Tracerlab are quite extensive and are reported here in some detail. A 
reading of them will indicate that these companies are training all 
segments of their people, from management down to and including 
skilled workers. 

It was evident in this quick survey that the closer companies get to 
participation in nuclear energy, the more complete are their educa- 
tional programs. While in several instances training programs for 
skilled workers are being considered, the general disposition has been 
to postpone such programs until actual involvement in atomic energy 
begins. 

A reactor builder—General Electrie Co.—General Electric has 
12,000 persons employed in its atomic products division, which is com- 
posed of 4 departments. These are the atomic power equipment de- 
partment, Knolls atomic power laboratory, aircraft nuclear propul- 
sion department, and Hanford atomic products operation. 

This company has an extensive education and information program. 
A variety of training courses are given to management, ranging from 
roundtable discussions on hazards and protection, to seminars on com- 
munications, to a 4-month course on fundamentals of nuclear power. 
This latter was taught by recognized authorities and was largely for 
sales and management people in the company’s commercial depart- 
ment. 

GE’s educational program for its scientists and engineers is broad- 
gaged. A 9 to 12 months atomic test program consists of 3 to 4 
rotating assignments for college graduates with science or engineer- 
ing degrees. Training is at Hanford, following which graduates may 
be assigned anywhere in the atomic products division. The work in 
this course is directed primarily toward the training of production 
supervisors. 

Another program includes one for graduate students, which may 
be taken at Union College, Rensselaer Polytech, or Siena College 
evening sessions. Employees are reimbursed for half the tuition fee 
if their average is B or better. 

Nuclear engineering, an engineering orientation course for newly 
“(” cleared technical employees, and health physics education courses 
are given at Knolls laboratory. At GE’s aircraft nuclear propulsion 
department nuclear engineering and 23 other technical courses are 
offered, at graduate course level. Plans are underway to institute a 
graduate degree program at the University of Cincinnati, evening 
college. 

At Hanford, GE has cooperative programs with Oregon State Col- 
lege, State College of Washington, the University of Idaho, and the 
University of Washington. Courses are offered toward M. S. in 
physics, chemistry, metallurgy, chemical engineering, and mechanical 
engineering. 

reneral Electric has a considerable variety of training programs 
for engineering assistants, laboratory assistants, and for skilled craft 
workers. Its training of assistants for engineers requires 4 years and 
the candidates are outstanding high-school graduates. They are ro- 
tated in job assignments during their training period, being approxi- 
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mately 6 months at each job. They take night courses twice a week 
(3 hours each night) for the full 4 years. 

GE’s technical course for ee assistants is also for persons 
of above-average intelligence and ability. Candidates must have 2 
years training in a technical institute or equivalent. They are as- 
signed for 34% years to laboratory and engineering jobs and are 
rotated in job experience. 

GE has an apprenticeship training program at 24 of its locations. 
This program runs for 344 years, during which the individual being 
trained puts in 6,800 shop hours and in addition takes 700 hours at 
night schath, GE provides the books and tuition for this schooling. 

Programs on safety, accident, and fire-prevention techniques and 

radiation hazards are offered at all GE atomic installations. In addi- 
tion, personal development programs are offered to employees who 
are being considered for supervisory responsibilities. 
A reactor builder— Westinghouse Electric Corp.—Westinghouse 1s en- 
gaged in three programs for the Government. There are the building 
und experimental operation of the prototype submarine thermal re- 
actor (STR) in Idaho and for the submarine the U. S. S. Nautilus. 
The second Westinghouse project is the large-ship reactor (LSR) 
and the third is the pressurized water reactor which will be the coun- 
try’s first civilian nuclear powerplant, at Shippingport. 

Commercial projects of Westinghouse consist of the Pennsylvania 
advanced reactor (PAR) for the Pennsylvania Power & Light Co., 
the company’s own testing reactor and its atomic equipment depart- 
ment, which is engaged in the manufacture of canned motor pumps, 


special valves and machining operations, and developing reactor con- 


trols rods and mechanisms. 

At management level, Westinghouse has held several conferences 
for executives at which nuclear progress and the company’s operations 
in particular have been discussed. Inasmuch as almost every West- 
inghaee division has manufactured some component or piece of equip- 
ment for the atomic equipment department or for others, knowledge 
of atomic energy has been companywide. 

Westinghouse atomic power division’s third 23-week reactor engi- 
neering training school is now in session. Twenty full-time students 
are taking the course and an additional 100 are taking portions of it. 
Although most of the students are employees of Westinghouse, other 
companies may send employees to the school. The teaching staff is 
composed of visiting faculty on summer leave or of employees of the 
company. 

The program consists of courses on projects and organization of the 
atomic power division (6 hours), introduction to nuclear engineering 
(60 hours), reactor plant technology (44 hours), response od ehiyaleel 
systems (40 hours), reactor plant dynamics and control (39 hours), 
stress analysis (39 hours), heat transfer and fluid flow (60 hours), 
metallurgy (86 hours), and materials application and development 
(15 hours). 

This spring (1955) Westinghouse announced a joint college-indus- 
try doctor of philosophy program for reactor engineering and physics 
with the University of Pittsburgh. Under this program, college 
graduates can earn their doctor’s degree while receiving regular in- 
dustry-scale salaries through on-the-job training. They can obtain 
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their doctor of philosophy without considerable financial sacrifice or 
deferment of plans for getting started on their industrial careers. 

College senlinatan participating in this program will spend part of 
their first year studying at the university and part at the Bettis Labo- 
ratory. At the university, engineers will receive engineering funda- 
mentals followed by a reactor engineering program at Westinghouse. 
The second and third year of this program will be taught entirely on 
the university campus in regularly scheduled classes. During this 
period the students will be granted the equivalent of 1 full day a 
week away from their jobs, as well as Saturday morning, to attend 
on-campus classes. 

The fourth year will be set aside as an educational leave during 
which nuclear engineers of exceptional promise will be permitted to 
complete their final doctor of philosophy course requirements on a 
full-time basis at the university. 

As to the physics program, each year Westinghouse will hire bache- 
lors and masters graduates of physics. Those qualifying will spend 
4 days a week on the job working on research and development assign- 
ments. The fifth day, at no loss of salary to the individual, evenings 
and Saturdays will be spent in the classroom on the campus of the 
university. 

After 3 years of this college-industry program, those who show 
distinct ability will be given at least 1, and-not more than 2 years 
leave of absence to complete their final doctor of philosophy require- 
ments, including their doctoral thesis. 

Tuition expenses will be reimbursed throughout the program, and 
while on educational leave each man will receive a cost-of-living allow- 
ance which will take into account the number of his dependents. 
Salary increases will be granted during the education period based 
upon on-the-job performance, similar to that of other Westinghouse 
employees. 

A reactor operator—Duquesne Light Co—The first civilian nuclear 
powerplant in the United States will be operated by Duquesne Light 
Co. at Shippingport, 25 miles from Pittsburgh. The reactor is de- 
signed to produce at least 60,000 kilowatts of electricity and is 
expected to be completed by mid-1957. 

Prior to the company’s decision to participate directly in the atomic- 
power field, a group of Duquesne management and supervisory per- 
sons was given an orientation course in reactor physics by the head of 
the physics staff of Carnegie Institute of Technology. The course 
consisted of 12 lectures of 2 hours each. Also, prior to the decision 
to participate, Duquesne sent one of its senior power station engineers 
to the Oak Ridge School of Reactor Technology for the 1952-53 
school year. (This man subsequently became vice president in charge 
of engineering and construction, and the design and construction of 
the Shippingport power station is under his jurisdiction.) Subse- 
quent to his return from ORSRT, an atomic power development 
department was formed and some study work was undertaken. This 
study brought additional background on nuclear central stations to 
a limited number of persons in the engineering and operating 
departments. 

Once Duquesne was designated to build the PWR, the need was 
created for accelerated and expanded training in support of this spe- 
cific project. The following activities were undertaken: 
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1. Beginning April 1954 a PWR lecture course was instituted by 
the A EC for Duquesne Light management, supervisory, and engineer- 
ing personnel in the operating and engineering departments. The 
course consisted of 20 lectures on reactor physics and engineering 
relevant to the PWR program, and was given by men from the AEC 
and Westinghouse. ; 

9. An engineer with substantial experience in the atomic-energy 
field was added to the Duquesne Light staff to aid in planning and 
conducting the company’s activities on the PWR program. 

3. Eleven engineers experienced in power station operation or de 
sion were assigned to work at AEC’s Bettis plant under Westing- 
house supervision on various phases of the PWR program. These 
assignments lasted approximately a year and included critical experi- 
ment operation, reactor primary coolant system instrumentation, 
shielding design, reactor core design, reactor system component devel- 
opment and PWR radiochemical problems including decontamination. 

The training program for the Shippingport operating, mainte 
nance, and test personnel is much more elaborate than that normally 
conducted for a conventional power station. The supervisory oper- 
ating organization has very recently been developed, the men in 
the key positions being experienced in power-station design, opera 
tion, or maintenance, and some are among those who have already 
had a year of training under Westinghouse supervision on PWR 
development. Each of these key persons has an engineering back- 
ground. 

Present plans for training of the Shippingport power station per- 
sonnel are as follows: 

1. The chief engineer of the power station will be responsible for 
the preparation of the operating manual which will cover the opera- 
tion of the entire plant, including the reactor. This preparation will 
be done in conjunction with AEC and Westinghouse and will be con- 
tributed to by all key Duquesne Light Shippingport operating per- 
sons. The preparation of this manual is in itself a part of the train 
ing and is expected to materially assist its authors in becoming ex- 
tremely familiar with all aspects of the operation of Shippingport. 

2. The results coordinator and efficiency engineer will each receive 
a total of 12 months of on-the-job training in the test, instrument, and 
chemistry sections of the submarine thermal reactor plant at the 
AEC’s National Reactor Training Station at Arco, Idaho. 

3. Test engineers, junior test engineers, and apprentice test engi- 
neers will spend 6, 3, and 2 months respectively in the STR plant at 
Arco in on-the-job training in the Test Section. 

4. Nuclear instrumentation and control engineers will be given 6 
months’ training in electronic instrumentation. Following this they 
will receive 3 months of on-the-job training in the STR plant at 
Arco in the Instrumentation Section. 

5. The chief chemist, who will have had at least 2 years of relevant 
radiochemistry experience, will receive 2 months of on-the-job train- 
ing in the Chemistry Section of the STR plant at Arco. 

6. The radiochemist will receive on-the-job training for 2 months 


. ra and 2 months in the STR plant at Arco in the Chemistry 
Section. 
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7. The counting-room operators will receive 2 months of on-the- 
job training at Bettis and 2 months in the STR plant at Arco. 

8. The chemists will receive on-the-job training for 2 months in 
the STR plant at Arco and 2 months in the Chemistry Section at 
Bettis. 

9. Reactor-control chemists will receive 2 months of on-the-job 
training in the STR plant at Arco in the Chemistry Section with spe- 
cific emphasis on calcosee. oxygen, and solids level determinations, 

10. The reactor engineer is to receive 6 months’ training in elec- 
tronics at a recognized university or its equivalent, after which he will 
be given 2 months instrumentation and 3 months’ operating train- 
ing in the STR plant at Arco. 

11. The maintenance engineer will receive reactor maintenance 
training in the STR plant at Arco, and this will include experience 
with core handling. In addition to this training, he is also to receive 
1 month’s training in health physics at Bettis. 

12. The station operating engineers are to receive 1 month’s train- 
ing in instrumentation and control and 3 months’ training in reactor 
operation in the STR plant at Arco. 

13. The shift-reactor engineer and shift foreman will receive train- 
ing in reactor theory and operation as included in STR Mark I Oper- 
ating Training Manual covering a 15-week period in the STR plant 
at Arco. 

14. The reactor operators, switchboard operators, and turbine oper- 
ators are to be given training courses in reactor operation as included 
in STR Mark I Operating Training Manual covering 14 weeks in the 
STR plant at Arco. 

15. The security officer will be given 2 months’ security training at 
Bettis with additional training as required under the Duquesne Light 
Co. security administrator. 

16. Maintenance repairmen, mechanical instrument repairmen, re- 
actor attendants, pump attendants, turbine attendants, guards, cleri- 
cal and emia Ele forces, house and yard laborers, and telephone 
operators will be given on-the-job training at Shippingport to prepare 
them for their respective responsibilities. 

It is anticipated that a qualified reactor physics instructor will be 
employed either part or full time by the Duquesne Light Co. in the 
near future. He will set up and administer a reactor physics course 
which each Shippingport employee holding an engineering degree 
will be required to take. This course will consist of approximately 200 
hours of classroom work applied at the rate of 4 hours per week. 

In addition to the above, the station force will be located at Ship- 
pingport for a period of a few months prior to actual operation. Dur- 
ing this period these persons will receive instruction and training on 
the PWR plant, using the Shippingport operating and instruction 
manuals prepared by Duquesne and Westinghouse and they will oper- 
ate the many components prior to installation of the reactor core. 

A power-study team—Atomic Power Development Associates, 
Ine.—Atomic Power Development Associates is an industrial study 
group studying the feasibility of a reactor for producing both fission- 
able materials and electric power. Thirty-three companies are asso- 
ciated in this project, of which 25 are electric-power utilities, 4 are 
engineering-construction firms, and 4 are manufacturing companies. 
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Each member organization of APDA has assigned 1, 2, or 3 indi- 
viduals full time to the project. Member companies agree to have 
their representatives spend at least 1 year with APDA; some repre- 
sentatives have been with the study team for more than 3 years. The 
full-time staff of APDA numbers 55, most of whom are mechanical 
engineers. 

The indoctrination and education problem here is both with the 
member companies and with those individuals assigned to the project. 
Officers and other top people with associated companies, as well as 
boards of directors, are invited to the project’s headquarters in Detroit 
where they are briefed by those with the project. These people also 
have been taken to Hanford or to Arco, Ydaho, where they have an 
opportunity to see and learn firsthand what is being done at these 
installations. 

Managements and board members of associated companies have been 
invited to attend information meetings, along with members of the 
APDA staff. At these meetings, sometimes numbering 100, repre- 
sentatives of the AEC, as well as from the APDA project itself, discuss 
the problems and the progress of the study project. 

Those assigned to the project are mostly engineers. They learn by 
association with others on the project. Some have been to schools at 
the national laboratories before joining the project and some have been 
sent to such schools following their assignment to APDA. Those 
working on the project, from time to time, also receive the benefit of 
AEC personnel and others who meet with the working group in 
Detroit. 

APDA staff members return to their companies at least once a month 
for a day or two of meetings with management and staff. This is the 
principal means by which associate companies are kept informed of 
the progress of the study. 

A_ reactor operator—Consolidated Edison Company of New 
York.—Consolidated Edison plans to build a $55 million pressurized 
light-water reactor without any Government assistance. It will pro- 
duce 236,000 kilowatts of electricity with the help of an oil-fired 
superheater. Construction is scheduled to start in mid-1956 and to be 
completed in mid-1959. 

In planning its participation in atomic energy, Consolidated Edi- 
son will follow its traditional practice of relying on the manufacturers 
and suppliers of nuclear equipment for the basic engineering and 
research. Consequently, the company does not propose to assemble a 
staff of nuclear physicists or specialists in the design of reactors. It 
will, however, require a small number of engineers, reasonably know]- 
edgable of and familiar with atomic energy so that, with the aid of 
consultants who are specialists in the field, critical analysis can be 
made of manufacturers’ offerings and proposals. 

As to the present officers and engineers, they are being largely self- 
educated by association with study groups, manufacturers, and con- 
sultants. Operators are expected to be trained on the job. This will 
include familiarity with oe and facilities during their construc- 
tion. Initially, on-the-job training may be supplemented or preceded 
by association with study groups or assignments to AEC or other 
available reactor installations. 
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A reactor operator—the Detroit Edison Co.—The Detroit Edison 
Co. is 1 of 24 electric utility, engineering, and manufacturing com- 
panies which plans to build a $45 million fast breeder reactor power- 
plant capable of producing 100,000 kilowatts of power. It is own 
as the Power Reactor Development Co. Most, but not all, of the com- 
panies in this group also are associated in Atomic Power Dev elopment 
Associates, a study group. 

The management and top operating personnel of this company are 
enabled to keep abreast of nuclear developments through their asso- 
ciation with the APDA project as well as through the company’s own 
internal education and training techniques. Atomic energy and 
developments pertinent to the group’s fast-breeder reactor plant are 
discussed at the company’s management council which is composed of 
16 of the officers and managers. Approximately 50 Detroit Edison 
people are Q cleared and are involved in atomic energy activities. 

Last year the company arranged for a nuclear engineering course 
through the University of Mic hig: an’s extension courses. Sixty com- 
pany people, including dr aftsmen and engineers below the supervisor 
level, took the course, which was given 3 nights a week. The company 
paid for the course. About 30 ‘took the course through the second 
semester. This year the second course is being repeated and a third 
and more advanced course is being offered to those who successfully 
completed the second course. 

Ship and aircraft propulsion—General Dynamics Corp.—The oldest 
training program in this corporation was one instituted 6 years ago 
when its Electric Boat division was awarded a subcontract by the 
AEC for fabricating, erecting, and testing the world’s first submarine 
reactor prototype. 

Eighteen key officials attended orientation lectures conducted by the 
U nited States Navy and AEC. These were followed by inplant 
courses conducted by employees on such subjects as nuclear physics, 
nuclear engineering, and advanced applied nuclear engineering. At- 

tendance ranged from 75 in nuclear physics to 200 to 300 in ‘design, 
engineering, testing, and installation subjects. Health and safety 
programs were conducted for production supervisors who, in turn, 
instructed shop employees. Electric Boat employees have also con- 
ducted lecture series and training courses for personnel in United 
States Navy yards at Portsmouth, 'N. H., and Mare Island, Calif. 

The C ony air division has training programs in San Diego and Fort 
Worth. Graduate level nuclear engineering courses conducted by 
local vintversition s are attended by approximately 100 engineers. In- 
plant training programs for about 200 engineers include lecture series. 
At the Fort Worth division workers are trained in functions associated 
with research reactors and radiation decontamination, as well as health 
and safety. 

Two management executives from different divisions have attended 
management “orientation courses in nuclear energy given by the Na- 
tional Industrial Conference Board. Management ‘and professional 
people have attended the many industrial and professional association 
meetings devoted to atomic energy, and also have contributed to those 
meetings as speakers. 

General Dynamics has about 30 graduates of Oak Ridge and Ar- 
gonne reactor training schools. "To experienced engineers are now 
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on loan to the national laboratories for work on the Government’s 
reactor development program. 

An engineering and construction organization—E basco Services, 
Inc-—Ebasco is a large engineering, construction, and consultation 
organization. Among its clients are many electric companies. It is 
a member of the Rocky Mountain Study Group and is consulted by 
many of its clients as to nuclear power problems. 

Ebasco management has kept informed of developments in the 
nuclear power field through its fact-and-opinion contacts with the 
AEC a hrough attendance of its executives at forum meetings and 
through close contact with its own large professional staff of engi- 
neers, chemists, and others. All of this has been facilitated through 
the assignment of a staff member (in mid-1953) to follow atomic 
energy developments and to keep management informed of all perti- 
nent developments. 

At the instigation of Ebasco, the mechanical engineering depart- 
ment of Columbia University’s graduate school instituted a nuclear 
engineering course in the fall term of 1954. Twenty-four Ebasco in- 
dividuals with administrative and technical duties attended. The 
course ran for 2 semesters, with 14 sessions each of 2 hours’ duration. 
Ebasco paid the tuition cost of $160 for each of its people. 

Ebasco’s services include the providing of training assistance to its 
clients. However, no client is as yet engaged in the construction of a 
nuclear powerplant. When this does occur, Ebasco plans to be able 
to assist its client in training employees to take on the functions of 
plant operations. 

A nuclear instrument manufacturer and processor of isotopes— 
Tracerlab, Inc.—This company has a broad program of educ ation 
and training for its own people and for buyers and users of nuclear 
instruments and radioisotopes. In addition, its scientific staff has con- 
tributed materially to a greater public understanding of atomic energy 
and its development. 

The company’s educational activities are summarized as follows: 

1. Public and industry information. Tracerlab people have been 
active in providing educational talks to various industrial associa- 
tions or community groups upon request. They have participated in a 
cons siderable number of TV and radio science programs. 

Industrial research and development program. Via brochures 
a personal contacts, Tracerlab attempts to educate various indus- 
trial groups as to the practicality of atomic energy as tools for re- 
search or production. Company’s consulting services are able to 
demonstrate how radioisotopes, for example, can be used effectively. 

3. Symposia for industry. In 1954 Tracerlab organized and con- 
ducted a symposium on applications of radioactivity in the rubber and 
plastics industries. A similar ‘symposium for the food and food proc- 
essing industries will be held in October of 1955. The purpose of the 
symposia is to bring together those people specifically interested in 
radioactive problems of a specific field. Approximately 200 attended 
the rubber and plastics symposium. 

+. Training courses for industrial people. These courses range from 
technicians to production to research people, and in some instances, 
include members of management. These courses can be general or 
specific to a particular company’s problem. These are on such subjects 
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as nuclear chemistry, tracer techniques, radiography, etc. Courses 
have consisted of as few as 2 people from 1 company up to larger 
numbers interested in more general subjects. 

5. Internal training programs. Training courses and seminars are 
frequently conducted for Tracerlab’s own people. These include sem- 
inars for company’s research physicists and radiochemists, training 
programs for technicians, training courses for sales engineers, etc. 
Company people also have taken special courses in schools within the 
area and some of the company’s promising young people have returned 
to school on a full-time basis. 

6. Publication of technical information. Tracerlog, company’s pub- 
lication of technical information, is widely distributed to those in- 
terested in the applications of radioactivity. Company has reprinted 
and distributed technical articles prepared by others to a wide in- 
dustrial and science list. 

A small valve manufacturer—Edward Valves, Inc.—Edward 
Valves, Inc., of East Chicago, Ind., is a subsidiary of the Rockwell 
Manufacturing Co. It is engaged exclusively in the manufacture of 
steel valves and employs a few more than 500 people. 

Because the atomic energy program requires special as well as con- 
ventional valves, this company holds monthly roundtable discussions 
at which its engineers discuss with other company engineers and 
management the specific requirements of the atomic energy field. This 
proves helpful not only in the improvement of design, but also helps 
management in its planning of personnel and other requirements for 
its participation in this industry. 

{dward Valves this past year held a twice-a-month evening course 
(each session 2 hours) for some 30 laboratory research engineers. The 
faculty consisted of instructors from the Institute for Nuclear Studies 
of the University of Chicago. 

This company has done considerable business with the electric power 
companies over a long period. Its engineering and field sales engineer- 
ing staffs are in close touch with power companies which are approach- 
ing the time when they will begin nuclear power reactor construction. 
Therefore, Edward Valves people must be well informed as to the 
performance of values under nuclear operating conditions. 


B. INDUSTRY ASSOCIATIONS 


Industry looks to a variety of organizations—management, trade, 
research—to help it become informed and to stay current with new 
developments and trends. Membership and participation in the af- 
fairs of such organizations enriches the thinking of those manage- 
ments already deeply involved in a field, and enables them to have a 
broader perspective than would otherwise be likely. 

What was said at the meetings of certain national associations 
persuaded many businessmen to look more closely into atomic energy 
as an activity for their own company, and undoubtedly was respon- 
sible for their entering the field earlier than otherwise might have 
been the case. In 1952 both the National Industrial Conference 
Board and the National Association of Manufacturers held national 
meetings on the subject. The conference board has continued to 
hold a conference each year and the NAM devotes a substantial portion 
of its annual congress to nuclear developments. 
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The idea of a national association of atomic industries was first 
advanced in 1952 by Dr. T. Keith Glennan, president of Case Insti- 
tute of Technology and a former Commissioner of the AEC. The 
organization he proposed was established as the Atomic Industrial 
Forum and began to function in 1953. 

The forum holds national and regional meetings on nuclear 
energy subjects. Its regional meetings are usually jointly sponsored 
with regional groups; in October 1954 a meeting was held in Boston 
which was cosponsored with the New England Council, another was 
held in San Francisco in April 1955 with Stanford Research Insti- 
tute as cosponsor and two regional meetings are planned for 1956. 
The first 1956 regional meeting will be in Atlanta and Oak Ridge 
in April, with Oak Ridge Institute of Nuclear Studies, the Southern 
Research Institute, and the First National Bank of Atlanta being 
cosponsors, and the second will be in Denver in June, with the Denver 
Research Institute of the University of Denver being cosponsors. 

In addition to meetings, the forum prepares reports and surveys 
which are provided its members and which are offered for public 
sale. Two such reports include A Growth Survey of the Atomic 
Industry, 1955-65 and World Developments in Atomic Energy. The 
forum also has established committees on insurance and on reactor 
materials and is in the process of establishing others. It also provides 
information services to press and radio, cooperates in finding speakers 
on atomic energy for other organizations, operates an extensive 
library service (and is an official AEC depository), and will put on 
an exhibit, the first Trade Fair of the Atomic Industry in Washington 
in September 1955 in conjunction with its annual meeting, and will 
cosponsor with the Carnegie Endowment for International Peace 
and the Fund for Peaceful Atomic Development an exhibit on Man, 
the Atom, and the Future in the Carnegie Endowment Building in 
New York, October 20 to November 3, 1955. 

The conference board, as stated earlier, has given three and plans 
a fourth 1-week course this year on the fundamentals of atomic 
energy and its power, industrial, and research applications. This 
course is designed for nonscientifically trained business executives. 
The teaching staff includes some 30 engineers, scientists, and business- 
men in the nuclear field. 

In connection with its training course, the conference board pro- 
duced an atomic-energy primer which is being distributed to its mem- 
bers. It plans other reports having to do with industrial applications 
of atomic energy. 

The National Association of Manufacturers has been concerned 
with atomic energy for many years, having testified in Congress 
when the Atomic Energy Act of 1946 was being considered. Up to 
1951 its activities in atomic energy were handled by a subcommittee 
of its committee on patents. In 1951 a committee on research was 
formed and a subcommittee on atomic energy was set up, with Dr. 
Guy Suits, vice president and director of research of General Electric, 
as chairman. AM’s interest in patent matters was continued 
through its subcommittee on patents, with William A. Steiger, man- 
me of the patent department of Westinghouse Electric Corp., as 
chairman. 
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NAM’s committee on patents has held meetings in various cities 
of the country, at which science, invention and the future of atomic 
energy has been discussed. Speakers have included Dean John R. 
Dunning of Columbia University and General Leslie R. Groves, 
former “general manager of the Manhattan district and now of 
Sperry- -Rand. 

The United States Chamber of Commerce set up a committee on 
commercial uses of atomic energy and held its organization meeting 
April 22, 1955, and its second meeting was scheduled for October 14, 
This group, composed of eminent ‘businessmen, studies problems 
affecting the peacetime development of the atom to determine how 
private “industry can make its maximum contribution. It advises 
on ways to help bring about more widespread understanding of the 
potentialities of atomic energy and the respective roles of Govern- 
ment and private enterprise in its development. It also recommends 
policy declarations for membership consideration on legislative and 
regulatory problems in order to encourage further industrial advances. 

Many industrial and other associ: itions have included the subject 
of atomic energy on their programs. If any industry is liable to 
be affected by atomic energy, most likely its trade association has 
included a discussion of the subject at its board of directors and 
annual meetings. 


C. THE ENGINEERING SOCIETIES 


It was not possible, because of time, to canvass all the engineering 
societies to learn of their plans for atomic-energy programs. It is 
believed, however, that almost all, if not all, of them will or already 
have inc orporated this subject in their planning. A great deal more 
will be done this next year than was done last, and it is reasonable to 
assume that atomic energy will be included more and more in their 
programs as time goes on. 

Engineers Joint Council Nuclear Science and Engineering Congress 

Reflecting the widespread interest of engineers in this subject, the 
Engineers Joint Council has planned a N uclear Science and Ingineer- 
ing °C ongress for December 12-16, 1955. Twenty-six engineering and 
scientific groups will participate in the congress, at which 290 papers 
will be given. The sponsoring organizations are: 

Engineers Joint Council - 
American Society of Civil Engineers 
American Institute of Mining and Metallurgical Engineers 
The American Society of Mechanical Engineers 
American Water Works Association 
American Institute of Electrical Engineers 
The Society of Naval Architects and Marine E ngineers 
American Society for Engineering Education 
American Society of Refri iger ating Engineers 
American Institute of Chemical Engineers 
American Institute of Industrial Engineers 

American Chemical Society 

American Institute of Physics 

Institute of Radio Engineers 

American Nuclear Society 
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American Geological Institute 
Mineralogical Society of America 
Society of Exploration Geophysicists 
Society of Economic Geologists and Geological Society of 
America 
American Association of Petroleum Geologists 
Society of Economic Paleontologists and Mineralogists 
American Society for Metals 
American Rocket Society 
Institute of Aeronautical Sciences 
Atomic Industrial Forum 
Society of Automotive Engineers 
American Society for Testing Materials 
Cleveland Engineering Society 
Cleveland Technical Societies Council 
American Nuclear Society 

Within the past year a group of scientists and engineers, represent- 
ing all scientific disciplines engaged in research, development, and 
application of atomic energy, formed the American Nuclear Society. 
This is the world’s first professional society in this field and now has 
a membership of more hed 800. It held its first meeting for mem- 
bers at Pennsylvania State University in June and approximately 
400 members were present. Dr. Walter H. Zinn, director of Argonne 
National Laboratory, was elected president. 

ANS will hold its next meeting in Washington in September at the 
same time and in the same hotel where the Atomic Industrial Forum 
will hold its annual fall meeting. The two organizations will hold 
certain joint meetings. 

A check of several of the engineering societies reveals their interest 
briefly as follows: 

American Institute of Electrical Engineers—AIEE has a nu- 
cleonics committee which is concerned with all devices of a nucleonic 
nature. In addition, other committees who are or will be interested 
in this field include education, safety, research, electronics, instru- 
ments and measurements, electrical techniques in medicine and 
biology, basic sciences and power generation. 

lhe American Society of Mechanical Engineers —ASME formed 
a nuclear engineering division in December 1954 and held its first 
meeting of its executive committee in March 1955. Objectives will 
be accomplished through national meetings, forums, and conferences 
where papers on nuclear subjects will be given. Plans to initiate a 
project to develop safety codes for reactors and accelerators, and to 
liaison with ASTM Committee D-19 on industrial waste water and 
other radioactive matters. Papers in nuclear engineering field are 
planned for all national meetings of the society this year and next. 

The American Institute of Chemical Engineers —AIChE has had a 
nuclear energy committee for several years. This has now become a 
nuclear engineering division and has more than 1,000 members. 
AIChE sponsored the first International Congress on Nuclear Engi- 
neering to be held in the United States in June 1954 at Ann Arbor, 
Mich. There were 107 papers presented and the conference was 
attended by 1,200 people. 
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AIChE will sponsor at atomic exposition at the EJC Nuclear Con- 
gress in Cleveland in mid-December. Its nuclear engineering division 
ae a meeting on the commercial aspects of atomic energy at Lake 

-lacid in late September 1955. 


Local activities of the engineering societies 

Some local chapters of the national professional societies and other 
local groups plan meetings on nuclear subjects. The New York 
section of AIEE has scheduled a course on atomic energy—principles 
and engineering applications for the fall and winter of 1955-56; 24 
sessions will be given, once a week, for 2 hours in the evenings, and 
registration is expected to be around 150. 

The Detroit Nuclear Council, composed of several engineering 
societies and industrial organizations, coordinates the work in atomic 
energy of the local societies, institutions, and industry. 

The Baltimore Applied Nucleonics Society, composed of 21 organi- 
zations in the Baltimore area, had 5 meetings in 1955 at which nuclear 
subjects were discussed. 


2. ORGANIZED LABOR 


The current industrial revolution, which has been accelerating since 
World War II, and during which rapid increases in technological 
developments have come about, has affected skilled workers, and some 
to a very great degree. The requirements of some skills are much 
higher than formerly; some of these requirements can now be met 
by machines and some have to be met by greater skill on the part of 
the man himself. New methods and processes, new materials and 
new tools have threatened to obsolete some work categories, and fields 
such as atomic energy call for new or at least quite different skills. 
Standards and measurements are infinitely more exacting than what 
could have been imagined years ago. 

The American Federation of Labor has formed an atomic energy 
committee composed of the president of the AFL and leaders of those 
affiliated international unions and AFL staff whose stake in atomic 
energy is highest. A purpose of the committee is to anticipate the 
needs of the country for skilled manpower in the conversion of atomic 
energy to civilian and industrial use and to make recommendations 
for training such manpower. 

Several AFL unions have formed independent atomic energy 
committees. The International Brotherhood of Boilermakers has 
established a joint labor-management committee consisting of 3 rep- 
resentatives of the international and 2 from national employers, to 
agree on a training program. This will include new training in 
precision, emphasis on inert gas shielded welding, unusual require- 
ments of rigging, cleanliness, supertightness of joints and upgrading 
of other performance aspects. The curriculum of the training pro- 
gram has been substantially agreed to by both parties. It is expected 
to be put into effect before the end of 1955 and to be generally accepted 
by the end of 1956. 

The boilermakers’ international has been granted an AEC access 
permit and plans to observe the actual fabrication and erection of 
several reactors now planned. The observations will be to detect 
unusual techniques which will be fed into the training programs. 
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Another problem which the boilermakers and other unions are 
confronting 1s that of reevaluating jurisdiction of the respective unions 
because of the need of new skills and the modification of certain 
traditional ones. 

The United Association of Journeymen and Apprentices of the 
Plumbing and Pipe Fitting Industry held a meeting for approxi- 
mately 800 union members and officers and representatives of its con- 
tractors at Purdue University in mid-August. The program was 
devoted largely to discussions of apprentice teaching and problems, 
and to the relation of the plumbing and pipe-fitting industry to atomic 
power. An apprentice teacher-training course for all instructors 
attending the conference was given 6 hours a day for 6 days. 

James A. Brownlow, president of the Metal Trades Department 
of the AFL, spoke at the Purdue conference and pointed out that the 
United Association’s program will help to conserve this country’s 
human resources by educating our intelligent and qualified young 
men and women who are unable to pay the high cost of education. 

The Institute of Industrial Relations of the University of California 
began a 5-week lecture program for the Richmond, Calif., plumbers 
local September 1, 1955. This course is designed to inform members 
of this craft of some of the work-performance requirements imposed 
by atomic energy and an enrollment of 200 was expected. If the 
response to the course is favorable, the institute will consider expand- 
ing it to all plumbers locals and to other unions affected by atomic 
energy. 

Unfortunately we were not able to obtain any information as to 
the CIO program. Their chief representative in the nuclear field was 
at the U. N. Conference on the Peaceful Uses of Atomic Energy at 
Geneva and we were unable to establish contact with any other indi- 
vidual who was acquainted with the program this organization may 
have in being or planned. 


8. EDUCATION 


No effort was made to report on what the universities are doing in 
nuclear education through regularly established courses inasmuch as 
this is the subject of another report. Suffice it to say that the universi- 
ties are giving considerable thought and planning to this subject, and 
additional courses in nuclear science and engineering are being added 
to the curricula this fall. 

Apart from the formal courses offered by the universities to students 
and graduate students, some universities have offered or plan to offer 
short courses on nuclear subjects primarily of interest to individuals 
already working in atomic energy. Some examples follow: North 
Carolina State College course on industrial participation in nuclear- 
power developments; Purdue University on 2 radiochemistry and 
applications; the University of Michigan on nuclear reactors and 
radiation in industry; and the University of California, Los Angeles, 
on nuclear engineering. 

Fifteen universities, some of which do not as yet have courses in 
atomic energy, have become affiliated with the Atomic Industrial] 
Forum in order to keep abreast of this subject and therefore be able to 
plan their own participation in nuclear-energy education. 
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The work of the Atomic Energy Commission and the national 
laboratories in education is discussed in the next section on Govern- 
ment, 

Also, the education and training of management is discussed earlier 
in this report. 

The training of technicians and assistants to engineers and skilled 
craft workers constitutes a continuing problem, and the current high 
level of national production should emphasize the importance of this 
category of workers. An ample supply of such well teamed people 
would considerably increase the efficiency and effectiveness of our thin 
line of degree-holding engineers. 

Technicians and other semiprofessional workers and skilled workers 
are produced from a variety of sources. Technical high schools, tech- 
nical junior colleges, technical institutions and the degree-granting 
universities provide the training for these people. (The contribution 
of the universities is of students who siete only a portion of their 
requirements for a degree, but who are sufficiently trained for semi- 
professional tasks.) Of equal importance, from the standpoint of 
numbers, are those people who are trained on the job. 

There should be at least one and more often several semiprofessional 
workers to each professional and degree-holding engineer. Good 
practical training can be obtained faster and more economically (for 
the economy as a whole) from the technical training institutes, high 
schools, and so forth. But these schools turn out considerably less 
than do the degree-granting colleges. The Engineering and Scientific 
Manpower Newsletter reported that 9,996 were graduated this past 
year from 123 institutions, which included junior colleges in addition 
to the technical schools. The number of engineers graduated from 
degree-granting colleges and universities, on the other hand, was 
22,236. 

Very few technical institutes are training people to go directly into 
atomic-energy work. As a result, industry has to hire most of its 
already skilled people from other industries, and retrain them for 
atomic-energy activities. The head of one of the principal institutes 
in New York explained that such schools don’t know how to find out 
what skills are required for the nuclear industry. He explained, “we 
don’t know how to work in a field enveloped in secrecy. We don’t 
know how we could learn enough to set up courses. We just don’t 
know how to go about finding out if there is anything we can teach. 
We have to be up-to-date in our training; our students aren’t interested 
if they aren’t convinced that their training here will fit them for a 
job. They are hard-headed practical people; they expect us to train 
them for a job and we don’t know what jobs there are to be filled in 
atomic energy.” 

This is also a complaint heard from university people, although 
because there is considerable traffic between universities and the AEC 
and industry this complaint isn’t as strident as it once was. And, of 
course, the general freeing of information as to atomic techniques is 
proving of great help to the universities and no doubt eventually will 
to the technical institutes and similar schools as well. 

Semiprofessional people to support the engineers will be required 
in increasing numbers as the economy moves further into atomic 
energy and automation, and as the electronics, chemical, and other 
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industries requiring large numbers of skilled people grow. Industry, 
organized labor, education, and Government are all concerned with 
this problem. One obvious solution to it would be to step up efforts 
all around to acquaint young people with the fact that it pays off to 
learn a skill or to become a technician. 


4. GOVERNMENT 


A. THE NATIONAL LABORATORIES 


The great national laboratories of the Atomic Energy Commission 
undertook education and training programs initially because of their 
own requirements for trained personnel and of the need of the uni- 
versities for education of their own teaching staffs. Universities and 
other educational institutions were not prepared to provide such train- 
ing and, in fact, were not in a pone to provide all that was necessary 
because the training required access to classified information. Fur- 
thermore, universities did not have the funds to buy the very expen- 
sive specialized equipment useful for certain nuclear studies. Thus 
the national laboratories, being great research centers, have become 
large reservoirs of learning and teaching of nuclear knowledge. 

Two courses are now being given in reactor technology. ‘The older, 
the Oak Ridge School of Reactor Technology, provides 9 months 
training for approximately 80 technical people, with the program 
including classroom and laboratory work as well as special design 
projects. 

Argonne National Laboratory began its School of Nuclear Science 
and Engineering in March 1955. Its registrants included 30 students 
from 19 foreign nations and 9 from American industry. ‘The second 
session of this school will open in November 1955 and the third will 
begin in March 1956. While the curriculum for the first session was 
designed primarily for beginners in the field, new courses are being 
added for the second and third sessions of the school. Each session 
runs for 7 months. 

Brookhaven has 6 to 8 engineers from as many industrial cor- 
porations working on reactor problems. These individuals are as- 
signed to Brookhaven for periods of from 6 months to a year or more 
to learn by participation in the laboratory’s program. It also has 
been conducting a course 1 day a week for the past 14 months for 5 
engineers from public utilities and 3 from industrial corporations and 
1 instructor in electrical engineering from a nearby university. This 
group is concluding its work with a powerplant design study. 

It is believed that reactor-training programs at the national labora- 
tories will increase, even though an ever-increasing number of educa- 
tional institutions are providing nuclear engineering courses and 
specialized degrees. 

In isotope training, the Oak Ridge Institute of Nuclear Studies 
provides a 4-week’s basic training course which has been given to 44 
individual classes, and 2,106 scientists have completed this training. 
This country’s atoms for peace program has increased the demand for 
this course from abroad and it is possible that this training will have 
to be augmented. Some thought is being given to establishing a few 
radioisotope training centers abroad. 

Oak Ridge, Los Alamos, Brookhaven, and Hanford have worked out 
graduate studies programs with nearby universities. At Oak Ridge, 
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for instance, graduate courses are offered each quarter to an average 
of 200 employees of the Commission and its contractors. 

Fellowships to provide trained health physicists to the Commis- 
sion, industry and other institutions have beset provided for the past 
7 years. The present program establishes 75 fellowships a year, 
awarded to first-year graduate students in sciences who complete a a 
period of 9 months of academic work at Vanderbilt or the Univer- 
sities of Rochester or Washington, followed by a training period of 
3 months at Oak Ridge, B rookhaven, or Hanford. 

The national laboratories have a program which enables faculty 
members to take advantage of their unusual research facilities. Oak 
Ridge accepts an average of 65 such participants for 3 months each 
summer, and an additional 10 to 15 faculty members spend a portion 
of the academic year at Oak Ridge. 

This past summer about 100 faculty members from universities 
throughout the country have carried on research work at Brookhaven, 
for periods of a few weeks to over 3 months. During the 12 months 
ended May 31, 1955, 91 different faculty members and 147 students 
from 69 colleges and universities worked for periods of 1 month or 
more. Similarly, 22 individuals from 18 different industrial corpo- 
rations and 30 individuals from 15 Government agencies and private 
research institutions worked at Brookhaven during the past fiscal 
yeal 

Fellowship programs for graduate students who have completed 
all but their thesis requirements are operating at all of the national 
laboratories. The graduate fellows spend full time at one of the 
laboratories doing research as a partial requirement for their grad- 
uate degree, usually the doctor of philosophy. 

Oak Ridge has a program, now in its seventh year, under which an 
average of 200 lectures are given by Oak Ridge scientists on various 
university campuses. The scientists conduct seminars, lead colloquia 
and, in general, participate in scientific activities on the ‘ampuses they 
visit. 

Group visits by organizations in and around the metropolitan and 
Long Island areas have been an important device by which the work 
at Brookhaven is made known. During the past fiscal year at least 
50 such groups have visited Brookhaven and have seen and had ex- 
plained the work of this laboratory. 

A variety of other educational programs are carried on at the 
national labors atories which enable those institutions to provide greater 
educational services. 


B. THE ATOMIC ENERGY COMMISSION 


Prior to enactment of the Atomic Energy Act of 1954, the AEC’s 
information programs for industry were limited to unclassified ma- 
terial. Under authority granted by the 1954 act the commission 
will now operate 2 information programs—l1 unclassified and 1 clas- 
sified. 

The Commission makes its unclassified information available 
through the regular channels of communication. To assure availa- 
bility “of unpublished reports covering technical data of particular 
usefulness to those participating in the civilian applications program, 
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about 950 AEC reports were selected from the Technical Information 
Services master file, printed and placed on sale. These reports bring 
the total of AEC reports on sale at OTS to approximately 2,000. 

In addition, full collections of unclassified AEC reports are main- 
tained at AEC industrial information depositories. These are the 
Atomic Industrial Forum, in New York; Stanford Research Insti- 
tute, in Stanford; John Crerar Library, in Chicago; and Georgia 
Institute of Technology, in Atlanta. Each of these depositories is 
making available to industry, at charges normally assessed for such 
services, reference and photocopy service of all AEC unclassified 
research and development reports, as well as unclassified mechanical 
drawings of AEC-developed equipment. 

Under the access permit system now being established, the Com- 
mission will make available some 16,000 classified reports to access 
permitholders. In addition, special manuals evaluating and sum- 
marizing broad technical subject areas will be prepared and made 
available. It also will conduct periodic classified information brief- 
ings for access permitholders. The first such briefing was held in 
June 1955 at Oak Ridge and was on power reactor fuel processing. 
Some 250 were in attendance. 

Prior to the access permit system which provides for a limited 
or “L” type clearance of individuals, the Commission inaugurated 
an industrial study program. Begun in 1950, this had grown to in- 
clude 25 study teams in which 81 organizations were given and are 
being given access to confidential and secret information. 

The Commission has, on various occasions, held information ses- 
sions for interested groups of industrialists, engineers, representa- 
tives of the public and others. Some have been for “Q” cleared peo- 
ple and others have not. For instance, it has held three classified 
seminars at the Bettis plant of Westinghouse Electric to acquaint 
representatives of private and public power utilities, industrial study 
groups, major AKC contractors and certain Government agencies 
with the details of the pressurized water reactor program. Each 
session was attended by about 300 individuals. The Commission has 
held two similar sessions for somewhat smaller audiences on the 
sodium reactor experiment being conducted by North American 
Aviation at Los Angeles. 

To acquaint State officials with the proposed Federal regulations 
having to do with health and safety the Commission held a meeting 
of representatives of the States. It also has held review sessions 
on other aspects of Federal regulations for representatives of chemical 
companies, power companies and others. 


D. PUBLIC EDUCATION 


Reflecting the increased emphasis of editors and writers in all 
media in relating events and trends of the physical and scientific 
world to everyday living, a great deal of information currently is 
being offered to the public about the peaceful uses and potentials 
of atomic energy. This is in marked contrast to the coverage of 
i year ago; 5 years ago the subject was almost universally ignored. 

News and feature coverage in the press has been on the increase 
with news of atomic energy activities in industry appearing in more 
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newspaper departments than heretofore. Interest in atomic energy 
has spread from the science columns to the financial pages, to the edi- 
torial columns, to the feature sections and even, to an encouraging 
extent, to the front pages, as witness the recent United Nations In- 
ternational Conference on the Peaceful Uses of Atomic Energy at 
Geneva. 

Radio and television networks, too, have been increasing the amount 
of coverage on atomic energy. Much of this, of course, arises from 
increased news coverage offered by the major wire services. But be- 
yond that, there has been heightened emphasis by many of the news 
commentators who recognize the pee impact of nuclear energy 
on a global scale with its social and economic overtones. 

There also has been a step-up in the number of discussion programs 
in this area, in the production of documentary programs, in the fre- 
quency of interviews with atomic scientists. From all indications, 
this pattern will continue. One of the most encouraging develop- 
ments in this respect has been the intensive series of interviews, and 
background and documentary programs produced by the National 
Broadcasting Co. and the Columbia Broadcasting System in conjunc- 
tion with the U. N.’s Geneva Conference on Atomic Energy. 

The most important sources of information for the press, radio and 
television are the public information division of the Atomic Energy 
Commission, the various national laboratories operated by industry 
for the AEC, and the atomic industrial forum, and private industry 
and university spokesmen. Writers look to these organizations for 
story ideas, for new developments and for personalities in the field. 
These agencies are also requested to suggest speakers for a wide variety 
of national, regional, and local organizations. The forum is planning 
a program of special briefing on atomic energy for the program direc- 
tors of various national organizations. 

Industry itself is getting to be a better source for public informa- 
tion in atomic energy. Before passage of the 1954 act, industry had 
little to say because only those segments of industry that were con- 
tractors to the Commission were at all knowledgeable, and as con- 
tractors or employees were not in a position to participate in public in- 
formation dissemination. But now that industry is in a position to 
make some of its own decisions, it is finding it important to let the 
public in on what is being done. 

Organized labor also is beginning to participate in the area of 
public information. There is division in the ranks of labor as to 
whether the Government ought to be the principal factor in atomic 
energy development, or whether business enterprise should be given 
every opportunity to move ahead. The American Federation of 
Labor has taken a strong position that it would prefer to deal with 
industry than with Government, and it encourages business develop- 
ment of this field. 


E. OTHER TECHNIQUES WHICH MIGHT BE USED 


When the forum was asked to prepare a report on the subject of 
education and training of management, professional people and 
skilled workers for participation in atomic energy activities, it was 
asked if additional techniques or procedures might be employed 
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whereby industry and public understanding of atomic energy might 
be widened. 

In the short time since we were given the assignment to prepare this 
report, and calling on the experience of the forum’s operation in the 
tield of industry information, it does not occur to us that there are 
major deficiencies in education of management, engineers or workers. 
Our observation is that there needs to be a greater awareness on the 
part of more pou that atomic energy offers much but the rewards 
will be gained only through an educated and trained working force 
and an informed general public. In other words, industry, labor, 
education and perhaps Government all need to work harder to under- 
stand atomic energy so that it can be fully developed for peaceful 
ends. 

What stands out most is that this country is moving rapidly into 
an age of much greater specialization and industrialization—and 
with corresponding raising of living standards—without having all 
the specialists that are needed. There aren’t enough properly trained 
management and administrative people, or engineers, scientists, tech- 
nicians, and skilled workers to do the jobs that need to be done. 

Our educational system has to be improved and enlarged, and young 
talented people have to be cubenehiiel to apply themselves and learn 


the disciplines necessary to fit themselves to take part in a more highly 
industrialized world. 

There are several possibilities for improving the situation. For 
instance, in addition to programs and procedures previously discussed, 
consideration might be given to the following. 

1. At the public education level: 


(a) More university extension courses on atomic energy and 
its peacetime potentialities. 

(6) Courses and other information programs on television and 
radio. Such programs conceivably could be commercially spon- 
sored. 

(c) More education and commercial films on the peacetime 
atom might find a ready audience in theaters and in schools and 
community projects. 

. At the high schools and colleges: 

(a2) People retiring from industry might be employed on a 
part-time basis to teach nuclear science and related courses. 

(6) Industry might provide more equipment to schools for 
training purposes. For instance, models of particle accelerators, 
reactors, handling equipment and other equipment and devices 
might be given or loane . 

3. At the national level: 

(za) Whereas the United States is short of scientists and engi- 
neers, many countries, such as Japan, Italy, and others, are gradu- 
ating more than their educational or industrial systems can 
possibly absorb. We might do well to bring more of those ta)- 
ented people to this country. 

(b) Industry already is a heavy supporter of education through 
taxes and special endowments. More industrial firms might con- 
sider education grants. 

(c) Industry might encourage greater investment in basic re- 
search, through gifts, and encourage the Federal Government 
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to increase its appropriation for the National Science Founda- 
tion so that its support of basic research can be larger and more 
meaningful. 


. ROLE OF GOVERNMENT IN NUCLEAR EDUCATION 


The AEC and its contractors were faced with an enormous and 
extremely difficult problem of educating and training and retraining 
scientists, engineers, technicians, and skilled craft workers when it 
built its separation and other plants. It was necessary to establish 
higher performance requirements for plumbers, pipefitters, welders, 
machinists, boilermakers, and others in its construction phase and, 
of course, equally high work requirements are essential in the opera- 
tion of these plants. 

The magnitude of the retraining job can be seen from figures given 
by Louis H. Roddis, Jr., Deputy Director of the AEC’s Division of 
Reactor Development. He estimates that of 5,000 scientists and engi- 
neers currently working on atomic power problems, more than 4,000 
came from other fields and have been retrained on their atomic energy 
job. 

Cadres of skilled workers for AEC jobs were sometimes provided 
by contractors from their own plants. In addition, they were able 
to obtain some highly trained workmen from the aviation and other 
industries. Supervision of the highest type also had to be drawn 
from other industries. From these small groups, the larger crews of 
skilled people necessary to build or oper rate the unorthodox installa- 
tions were developed. 

When Goodyear Atomic Corp. was organized to build the gaseous 
diffusion plant at Portsmouth it earm: arked something like $10 million 
for education and training. It had 12 hourly work classifications 
which required training or retraining before the plant began opera- 
tion. It instituted courses for process production operators and for 
nuclear instrument maintenance workers, which ran for 18 months, 
set up courses for other workers which ran for shorter periods. 
Welders, for instance, were retrained in full-time courses ranging 
from 4 to 9 months. 

Less than 1 percent of the hourly rate workers at Portsmouth were 
obtained from other atomic installations. A small group of salaried 
people, however, most of whom were to teach the new workers, were 
recruited from other nuclear plants. The various Portsmouth training 
programs already have turned out 1,200 graduates. 

There appears to be general satisfaction with the education and 
training programs initiated and carried on by the Atomic Energy 
Commission, its contractors, and the national laboratories. Opinion 
was expressed that the training programs of the national laboratories 
have been well conceived and executed and that probably more of them 
are needed, particularly as the national laboratories are such effective 
centers of nuclear science and engineering learning and experience. 
But the thought also was expressed that the universities and industry 
should be given every encouragement to play a more important role 
in industry education. 

The apprenticeship training program of the United States Depart- 
ment of Labor is useful and should become more useful as the nuclear 
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energy industry grows. It is extremely important for the technical 
institutes and the technical high schools and junior colleges and other 
educating units to have advice and counsel which the Department of 
Labor can provide. Safety, new knowledge, new skills, new devices, 
new materials, new and unusual operating conditions all require 
trained people, and therefore good training courses. 

The Labor Department also is performing a useful function in its 
cooperation with AEC in studying and identifying new skills as re- 
quired in nuclear plants operation. This is an area which will re- 
quire considerable experience and judgment to the end that work 
categories needed in atomic energy can be filled with adequately 
trained people. Organized labor is extremely interested in this and 
is working with industry and Government in job definitions and in 
training programs. 

The belief was stated by some that the Federal Government might 
well give increasing support to basic research because the financial 
situation of universities will not permit them to pursue such research 
out of their own funds. It was further stated that the Commission 
has rightfully followed a policy of pushing the development of re- 
actor types and concepts through the theoretical and obviously un- 
economic stage and up until the point where industry will be willing 
to risk its funds. At that point industry will be willing to proceed, 
and the payoff to the Government will come in taxes and in a generally 
higher living standard in which all should participate. 


DEVELOPMENT OF CRAFTSMEN AND OPERATORS FOR THE INDUSTRIAL Uses 
or Atomic ENERGY 


(U. 8S. Department of Labor) 
December 28, 1955 


The application of atomic energy to peaceful uses is certain to in- 
volve many new jobs which require more or different skills than are 
readily found in the work force of today. Craftsmen and operators 
will have to learn different skills and acquire additional knowledge in 
order to perform the new activities effectively and safely. There are 
so many ramifications that at first glance development of these indi- 
viduals may appear to be quite a formidable job. This need not be the 
case, however, if the development is begun soon enough and carefully 
planned. The necessity of advance preparation of architectural de 
signs and construction blueprints is universally recognized. Pilot 
plants and trial runs are routinely used devices for determining power 
capacity, construction costs, capital investment, and operating costs. 
It is equally important that a similar approach be applied to the de- 
velopment of manpower. 

Experience has shown that the lack of skilled workers impedes 
economic expansion and that technological advances depend as much 
upon the availability of skilled and technical workers as upon the con- 
tribution of scientists and professionally trained workers. The con- 
struction, operation, and maintenance of nuclear powerplants and 
other types of atomic energy installations require personnel with 
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above-average qualifications. Craftsmen and operators will have to 
have higher and more diversified skills. For instance, a keen appre- 
ciation of the tremendous pressures and temperatures and harmful 
effects of radiation will be necessary to insure the precautions de- 
manded by the health and safety hazards involved. Craftsmen will 
have to know the working qualities of many new metals—beryllium, 
zirconium, thorium, and uranium. New welding and installation tech- 
niques will have to be learned. This is not to say that entirely new 
occupations will be needed—although there may be some—but it does 
mean that current skills and the related knowledge of many of today’s 
craftsmen will have to be substantially increased. 

An adequate, versatile, and skilled work force can be developed. 
The training of individuals for jobs in the atomic energy field will 
not differ, fundamentally, from that training which has been done 
at the time of other technological advances. Individuals possessing 
the necessary capacities for absorbing the technical knowledge and 
for acquiring the specific skills can be found. Training methods and 
techniques by which individuals can be trained are available. Ex- 
perimental plants have provided the basic information on_ processes, 
materials, and hazards involved so that well-rounded training pro- 
grams can be developed. 

Timing of the development program, of course, is an important 
part of the management planning. If an adequate supply of trained 
craftsmen and operators is to be available when needed, plans for 
training programs must be made far enough in advance. This may 
appear to be axiomatic, but experience indicates that in most of the 
emergencies this Nation has faced, the lack of skilled manpower has 
proven to be the bottleneck in industrial production. 

The preparation of a work force to man a given plant is just as 
much a part of the overall management function as financing its con- 
struction or designing the equipment. Technological advances which 
have gone before show how effective development programs can be 
and how readily the work force can adapt itself to new requirements. 
It must be determined which and how much training can be done 
while the plant is being built. Ideally, the work force should be 
trained and ready to move into immediate production as the last 
shingle goes on. Achieving this requires the careful planning and 
execution of a development program for the operators and craftsmen 
well in advance of the plant’s ready date. 

As in the past, management and training people can draw from a 
host of training techniques to make the development program effec- 
tive. Determining training needs and the development of training 
materials are time-consuming steps even when the actual period of 
training is relatively brief. The time to start is now. The United 
States Department of Labor, through the Bureau of Apprenticeship 
and other bureaus, is prepared to offer its training services to labor 
and management. By planning manpower development with the 
same care and forethought as that normally devoted to construction 
and to technology, the future need for skilled workers can be met. 
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COMMUNICATION From Panet to Aromic ENERGY CoMMISSION 
November 17, 1955 


In the results of many of the studies which the Panel on the Impact 
of the Peaceful Uses of Atomic Energy has under way emphasis has 
been placed on the problems of training and retraining the manpower 
required to permit the development of peaceful uses of atomic energy 
at the optimum rate of speed. 

It would be very much appreciated if you could get the following 
information for us: 

(1) A summary of the experience of the Commission in the train- 
ing and retraining of skilled and semiskilled manpower, especially for 
specialized construction such as that involved in assembly of reactors 
and associated equipment, operation of reactovs, hot laboratories and 
chemical plants, and in connection with the handling of radioactive 
materials generally. 

(2) Some indication of the rate of turnover of trained manpower of 
all types as experienced by the Commission and its contractors, with 
a particular view to the flow of such manpower from Government 
activity to private activity in the atomic energy field. 

(3) The Commission’s estimate of the size of the manpower require- 
ment, by principal types, anticipated as a result of the Davis forecast 
for the growth of nuclear power. 


* * * 


CoMMUNICATION From Atomic Energy ComMMIssION 
December 13, 1955 


This will reply to your letter of November 17, 1955, which makes 
three requests relating to manpower in the atomic energy program. 

The requests and the material responsive to them are contained in 
the attached report. Because of time limitations we have used illus- 
trative information in our response to your first question rather than 
attempting to summarize the entire program experience in the train- 
ing and retraining of manpower. 


e os * * s * * 


REPORT IN RESPONSE TO THE NOVEMBER 17, 1955, REQUEST OF THE PANEL 
ON THE IMPACT OF THE PEACEFUL USES OF ATOMIC ENERGY 


Question 1 


“A summary of the experience of the Commission in the training 
and retraining of skilled and semiskilled manpower, especially for 
specialized construction such as (a) that involved in assembly of re- 
actors and associated equipment, (6) operation of reactors, (¢) hot 
laboratories and chemical plants, and (d) in connection with the han- 
dling of radioactive materials generally.” 

(a) The principal specialized skill required for construction of 
reactors and associated equipment has been that of heliare welding, a 
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process which is used on stainless steel and certain other metals, 
Welders with this skill are required particularly in the construction 
of chemical separations plants. Illustrative of the methods used to 
provide an adequate number of heliare welders were the training 
schools established in 1952 at the Savannah River project and in 1954 
at the Hanford project principally to provide welders with this skill. 

At Savannah River the Du Pont Co. first attempted to acquire 
necessary numbers of welders through a program of publicity, recruit- 
ment, and testing. This program proved inadequate since more than 
half the hires failed to pass the test. Thereupon it was determined 
that if welding requirements were to be met a training program for all 
types of w elding was needed to develop welding potential by training 
and qualifying: applicants with inadequate welding experience who 
through interview were felt to have aptitude and thr ough iving addi- 
tional schooling to welders already on the payroll who y extibignd pro- 
ficiency and inherent ability. 

A total of 2,665 men were given training in the welding schoo] from 
March 17, 1952, to September 21, 1952, w ith an average of 133.1 hours 
of training. 

78.16 percent of those placed in the training program passed 1 of 
the 18 tests that were used. 20.49 percent were terminated for test 
failure. 1.35 percent terminated for miscellaneous reasons. The num- 
ber of welders necessary to maintain production schedules at peak was 
2,025. Only a limited program of welding training has existed since 
September 1952. 

At Hanford the demand for a large number of heliare welders arose 
in connection with construction of the Purex facility. The local labor 
market could not meet the large demand for welders qualified to weld 
stainless steel. Accordingly, in February 1954, the Commission au- 
thorized the construction contractor to establish and operate a school 
for training welders in the heliare process. 

Students for the heliare welding school were first selected from 
welders qualified in the metal-are process who appeared to have the 
aptitude for the heliare process. When this source was exhausted, 
men with little or no real welding experience were selected for the 
training program. The average training period was 10 days, although 
a few of the more adept students qualified for heliare welding after 
only 4 or 5 days’ training. The majority of students qualifying were 
under 35 years of age. The older men apparently lacked the necessary 
visual depth perception and were otherwise physically incapable of 
maintaining the steady hand required. 

The cost of operating the welder training school (where various 
types of welding were taught) was $485,000. Approximately 700 stu- 
dents entered the training school, including a number of craftsmen 
who had previously performed heliarc welding. Only 600 students 
omnpanes the course. Those not completing were removed from the 

00] within the first 2 days due to their demonstrated ineptness. 
All students completing the school were given the welder qualification 
tests and as a result 314 were qualified for welding stainless steel by 
the heliare method. Due to minor deficiencies at the time of qualifica- 
tion testing, some students were given additional training and were 
retested suc ecessfully. At the peak of construction 220 heliare welders 
_ used, 200 of whom had been qualified through the welder training 
school. 
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A problem in training welders also existed at National Reactor 
Testing Station during construction of the chemical plant. Between 
July 1950 and December 1952, the Bechtel Corp completely trained 
76 welders, partially trained 24, and gave 52 a refresher course at a 
cost of $125,000. Between April 1954 and November 1955 the Pritch 
ard Construction Co. completely trained 11 welders, partially trained 
26, and gave 82 a refresher course, at a cost of $50,000. These costs 
included labor, materials, and temporary facilities. 

The Commission’s experience indicates that training of heliare 
welders takes a relatively short interval, using either individuals 
qualified in other forms of welding or persons who demonstrate an 
aptitude for performing this kind of welding. It is difficult, however, 
to generalize about the per capita cost of training since individuals 
entered the schools with varied qualifications. 

(b) In connection with training personnel to operate reactors, we 
have obtained illustrative data from General Electric and Du Pont, 
the two companies which have had occasion to train the largest number 
of reactor operating personnel. 

The most complete information available to us results from the 
General Electric experience in starting up K reactor, recently com- 
pleted. Since GE was already operating several other reactors, oper- 
ating personnel (both scientific and engineering personnel and oper- 
ators, mechanics, and technicians) for the new reactor were obtained 
by transferring experienced personnel from the existing reactor 
plants. Such transfers resulted in some dilution of skill in the older 
plants, but through careful planning of these transfers and hiring 
replacements, the lowering of capabilities and experience was held to 
au minimum and was well above the critical point for the safe and 
proper operation of the reactors. 

A chart showing the personnel requirements for startup of 100-K 
reactor is attached as exhibit A. This shows replacement time, method 
of obtaining replacement, and previous education required. 

The key personnel transferred to the new reactor had received on- 
the-job training at Hanford and some of them had taken advantage 
of courses offered in GE’s Nuclear School of Engineering. Some 
of these courses are problems in pile design, pile physics, instrument 
electronics, advanced physical metallurgy, automatic control, and 
structure of solids. In addition almost all supervisors attended the 
company’s personnel-development courses. Since the personnel trans- 
ferred to the new facility generally were the most experienced per- 
sonnel available, the only additional training required was that neces- 
sary to familiarize them with the plant and to teach them how to 
operate the equipment. This training was obtained by transferring 
the personnel to the new area before startup of the facility and then 
having them assist in acceptance tests, write operating procedures, 
and follow construction work prior to the startup. The principal 
cost of this method of training was the wage and salary cost for the 
personnel being trained. The total cost of this training, based pri- 
marily on K area experience, was estimated by General Electric to 
be piers $1,160,000. 

_ The Du Pont experience in training reactor operations personnel 
is In contrast to the GE experience since Du Pont was not actively 
engaged in operating reactors when it began its recruitment for op- 
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erating personnel for Savannah River. Du Pont reports that very 
little recruiting was done initially of people with previous reactor 
experience and training, with the exception of a few former Du Pont 
employees who were at Hanford and requested to return to the 
company. 

A few key people of the company had been in the program pre- 
viously. This group was supplemented with approximately 15 young 
technical people who were on the Du Pont roll in commercial assign- 
ments. They were sent to Argonne National Laboratory for work 
assignments and training. There they did actual work of a research 
and development nature in addition to classroom training. 

The next step in preparing for the staffing of the reactor depart- 
ment was the hiring of 59 young technical graduates in 1950, 1951, 
and 1952, who were also sent to Argonne for job assignments as well 
as training for periods ranging from a few months to a year or pos- 
sibly two. Since that time those hired with no previous experience 
have been trained at the Savannah River plant. On-the-job training 
was supplemented with a little course work in health physics, radio- 
active chemistry, nuclear physics, pile theory, and pile engineering. 

There was no recruitment of wage or weekly roll employees with 
specific reactor experience. Al] operators and technicians were hired 
without regard to previous experience and were trained on the job. 
Mechanics were recruited for specific mechanical skills regardless of 
the type of industry in which such skill was acquired. In summary, 
therefore, Du Pont states that no attempt was made to procure spe- 
cific reactor-type experience in any of its wage or weekly roll 
personnel. 


(c) For an account of the problems of training personnel for hot 
laboratories and chemical plants we have chosen as a — example 


the experience of the initial contractor, American Cyanamid, in 
starting up the chemical processing plant at National Reactor Testing 
Station. 

In the original CPP staffing, 4 scientists and engineers who had 
worked on original concepts of the plant, 2 skilled health physicists, 
3 experienced operators who were selected as potential supervisors, 
and 1 administrative man, for a total of 10 individuals, were recruited 
from Oak Ridge and elsewhere within the Commission. The balance 
of the organization, over and above a nucleus of 14 Cyanamid adminis- 
trative employees, were recruited through normal employment 
channels. 

Arrangements were made with ORNL for the initial training at 
Oak Ridge of the supervisory group, which in turn trained the newly 
hired general staff on return to the chemical plant. Eighty-one 
people, representing the following departments, participated in this 
initial Oak Ridge training : 

Operating department 25 | Health physics group 
Chemical department 33 | Miscellanecus group’ 
1 Includes engineering, SF accountabiilty, etc. 

The training was conducted at Oak Ridge from February to October 
1951, continuing as on-the-job training at the Idaho plant until July 
1952, The total Cyanamid cost, including travel and other miscel- 
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laneous expense attributable to the combined training program, was 
estimated at $1,454,500. 

Several short-term instances of specialized training were included 
as incidentals within the CPP training program. Typical examples 
of such training were: 

(1) Four control lab chemists sent to Hanford for 2 weeks’ 
on-the-job training before startup. 

(2) Five or six instrument ‘eudieanine sent to instrument manu- 
facturers’ plants for 1 week of specialized servicing and calibra- 
tion instruction. 

(3) Two supervisors sent to KAPL for a week’s learning, on 
similar equipment installed there, operating techniques for con- 
centration on radioactive wastes. 

(4) Two men studied at the office of the design engineer on 
operation of the CPP rare gas separation facility. 

The initial course at Oak Ridge covered theoretical and practical 
nucleonics and chemical processing in general, with special emphasis 
on problems peculiar to the chemical processing plant. This 5-month 
course was sufficiently varied to meet individual group requirements. 

The operating group specialized on: 

(1) Dissolving procedures. 

2) Off-gas development and design. 

Analytical methods. 

(4) Radiochemical analysis. 

The various branches of the engineering department performed 
concentrated study, as indicated, over and above the more generalized 
course : 

(1) Maintenance: Becoming acquainted with maintenance and 
repair techniques peculiar to hot process equipment. 

(2) Instrument: Detailed comprehensive study of instruments 
for radiochemical processing in general and ICPP instruments 
in particular, covering application, maintenance, calibration, re- 
pair, adaptation, and modification for specialized requirements. 

(3) Staff engineers: Worked with the design contractor fol- 
lowed by at least a year of integration within the ORNL design 
group to acquire intimate knowledge of all service facilities and 
process equipment, including capacities, mechanical design, mate- 
rials of construction, contemplated modifications and additions, 
and in other pertinent areas. 

Personnel assigned to SF Accountability acquired orientation and 
background data by working directly with this Oak Ridge group and 
participating in courses together with the engineering groups. Addi- 
tionally, the preparation, with cooperation and advice of the ORNL, 
of a procedures manual for actual plant use provided practical expe- 
rience and was also used to train employees below supervisory level. 

Health physics training included actual responsible duty with the 
Oak Ridge group to impart practical as well as theoretical experience. 

After startup, on-the-job training at the chemical processing plant 
to gain working familiarity with plant components, controls, instru- 
ments, and actual operating methods, proceeding through calibration 
and testing practice, including actual trial runs with dummy fuel ele- 
ments, followed the Oak Ridge training for the 81 people, together 
with an additional intensive operator training course. 
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The operator training course was given at the chemical plant to 50 
locally recruited employees. Participants were mainly operators, 
chemical analysts, crafts and maintenance workers, accountability 
clerks, and other operations and administrative personnel, generally 
with high school or equivalent education. This course placed empha- 
sis on the practical phases of CPP operational problems with sufficient 
elementary theory to engender an understanding of the reasons behind 
the practical aspects of the work. This course of 40 to 60 hours’ dura- 
tion was given initially to all 50 originalemployees. Individuals hired 
after the original course were imparted essentially similar information 
on an informal job training basis. 

Refresher courses at average intervals of 15 months have been con- 
ducted twice to date. These courses serve simultaneously as indoctri- 
nation for new employees who were trained informally at the foreman 
or supervisor level when hired. This schooling also conveys beneficial 
information to selected seasoned employees on new and contemplated 
development, facility or process change. The refresher courses have 
so far been given to approximately 65 employees. 

(d) The training ot employees in the handling of radioactive mate- 
rials is a twofold problem, involving: 

(1) Those whose duties are process oriented; i. e., operators, 
laboratory-type workers, instrument mechanics, maintenance 
workers, etc. 

(2) Those whose responsibilities are in the field of radiation 
protection. 

For category 1 the objective is to have people sufficiently informed 
on the nature of the hazards to be encountered, the rules which have 
been established, the proper use of protective apparel and instruments, 
and how to conduct themselves in radiation zones to prevent undue 
exposure to radiation. In all work where the potential for exposure 
is high or where transient radiation levels may occur, these people are 
constantly monitored by category 2 workers (described later). 

Although these employees get short periods of radiation training, 
the training of these people is done almost exclusively on the job, where 
they learn through doing—under guidance and instruction of experi- 
enced personnel. In addition information meetings are held, where 
an experienced radiation monitor or analyst or supervisor will discuss 
a particular job or phase of the work and the radiation hazards 
involved. 

The use of instruments and their limitations are taught on an indi- 
vidual basis. The character and amount of training depends upon the 
specific nature of the person’s work assignment. Booklets and pam- 
phlets are also used to disseminate information on radiation control. 

Category 2 includes the people who are expected to have good know!- 
edge of radiation control technology. The degree of expertness ranges 
from low to high. General Electric categorizes its employees at 
Hanford Works as follows: (1) -adiation monitor s, (2) radiation 
analysts, and (3) so-called health physicists. 

(1) Radiation monitors are generally nontechnical in background. 
High school education is manda atory and 1 or 2 years of college with 
credits in science subjects is to be desired. 

The training of these people is primarily on the job. They are in 
training status for approximately 1 year, during which time their 
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activities are quite circumscribed insofar as their value to the opera- 
tion isconcerned. Those contributions which they can make are under 
close supervision and lie in the area of the more routine, less hazard- 
sensitive monitoring operations. Training is accomplished under the 
guidance of a fully qualified radiation monitor and radiation analyst. 
The present wage system applying to radiation monitors calls for a 
progression over a 4-year period to reach the top rate. This can be 
construed to indicate the time required to reach the stage of being 
fully qualified. 

Some formal training is provided in addition to the field work. 
Briefly, this includes about 4 hours of lecture each day for about 
1 week and is repeated when necessary to keep abreast of changes in 
processes and advances in radiation technology. The subject matter 
covered includes lectures on biological effects of radiation, radiation 
instrumentation, protection standards, permissible limits, ete. It is 
intended that these people have an appreciation for these subjects 
which are basic to radiation protection technology. Their depth of 
understanding will not be, nor is it expected to be, great. 

(2) Radiation analysts are the junior technical experts in the field. 
It is their responsibility to provide technical information—radiation 
control advice, generally for a group of operating facilities in one 
or more plant areas. These people are technical graduates in science 
or engineering (preferably in physics, chemistry or chemical engineer- 
ing), who have received on-the-job training, similar to that given 
radiation monitors and in addition have attended GE’s “formal” 
radiological sciences training school. This formalized program covers 
a period of about three months during which the technical trainees 
are given lectures on the following topics: 

Fundamental Concepts of Nuclear Physics 

Properties of Elementary Particles 

Radioactivity 

Radiation Detectors 

Interpretation of Counting Rates 

Biochemical Effects of Radiation 

Ktfects of Process Effluents on Aquatic Organisms 

Effects of Process Effluents on Plants and Animals 

Biological Derivation of Permissible Limit Parameters for In 
ternal Emitters 

Permissible Exposure 

Introduction to Radiation Dosimetry 

Klementary Pile Theory 

Radiochemistry 

Radiation Protection Standards 

Exposure Records 

Decontamination Procedures 

Calibration of Dose Measuring Instruments 

Interspersed between these lectures are field assignments for process 
orientation and firsthand observation of the practical application of 
the subject matter. 

AEC also sponsors a fellowship program in radiological physics 
which is considerable help in training people in this category. 

_ (3) Health physicists are the highly qualified experts in the field. 
hey will ordinarily have a Ph. D. or equivalent in a specialty related 
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to the field of radiological science with theoretical and applied train- 
ing in radiological physics. Until recently, university curricula did 
not include course work leading to an advanced degree in this field, 
Therefore, these specialties have been developed at locations such 
as Hanford through prolonged training and self-development of 
individuals having the necessary theoretical background, aptitude 
and interests. The aforementioned AEC adiological physics pro- 
gram will also provide a number of these qualified people through 
extension of the fellowship grant leading to an advanced degree in 
an appropriate specialty. 

In category 2 mentioned above some 400 persons have been trained 
at Hanford in General Electric’s radiological sciences training school. 
For those people falling in category 1, over 10,000 people have received 
the kinds of training indicated under ci itegory 1. 

The GE experience in training employees is fairly typical. That 
is, all employees receive training in radiation hazards and the 
handling of radiation materials, but the amount of such training 
is commensurate with the amount of such work the employee is 
expected to perform. The training of employees in radiation protec- 
tion is more substantial, and many of these must bring to the job some 
kind of formal educational background related to the field of radio- 
logical science. 

Question 2 

“Some indication of the rate of turnover of trained manpower of 

all types as experienced by the Commission and its contractors, with 


a particular view to the flow of such manpower from Government 
activity to private activity in the atomic-energy field.” 


The routine contractor statistics we maintain, which are identical 
to those maintained and published by the Bureau of Labor Statistics 
for industry, cover all employees and do not distinguish between 
trained and untrained personnel. The following table compares the 
separation rates of AEC contractor employees with employees in the 
products of petroleum and coal and industrial inorganic chemicals 
industries, and in all manufacturing industries. 


Rate per 100 employees per year 


Production 
AEC con- | of petro- 
tractors leum and 
coal ! 


Industrial 
inorganic 
chemicals ! 


All manu- 
facturing ! 


1954 
1955 (9 months). .-_- 





1 Source: Employment and earnings (BLS), 


We have no ready means of calculating the individual turnover rates 
of all the various ¢ ‘lasses of employees which make up the above totals. 
However, inquiry of a representative number of contractors reveals 
that present separation rates of scientists and engineers centers around 
6 percent per year in the research facilities and around 10 percent in 
the production facilities. Separation rates within the Commission 
itself are slightly higher. Applying these rates to the total nor. 
sional scientific and engineering complement indicates that a total o! 
approximately 7,000 trained scientists and engineers have terminated 
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employment with the Commission and its contractors during the years 
1947 through 1955. It is estimated that 50 percent of these, or 3,500, 
went to private industry or academic pursuits, the other 50 percent 
having retired or otherwise left the labor force, or accepted employ 

ment with other AEC contractors or with the Government. 

We do not have an accounting of the numbers of employees who 
have transferred from Government activity to private activity in the 
atomic energy field. We do have a record, however, of the rate at 
which our contractors transfer employees from AEC to their own 
commercial operations. During 1954 this rate was 1.3 per hundred 
per year. During the first 9 months of 1955 such transfers have taken 
place at an annual rate of 1 per hundred. 

Question 3 

“The Commission’s estimate of the size of the manpower require- 
ments, by principal types, anticipated as a result of the Davis forecast 
for the growth of nuclear power.” 

In his remarks before the 17th annual meeting of the American 
Power Conference on April 1, 1955, Dr. Kenneth Davis, Director of 
the Division of Reactor Development, made the following qualified 
estimate ' of the growth of the nuclear power industry : 


Kilowatts of nuclear power capacity 


Year end— Year end—continued 
1960 2, 000, 000 ia a a Se 83, 000, 000 
1965 5, 000, 000 1980 175, 000, 000 
1970 


Attached as exhibit B is an estimate of the manpower required, 


broken down by component industry and by the principal types of 
manpower. We shook like to make clear that this estimate relates 
only to the generation of power and to the component industries speci- 
fied. It does not cover the requirements of the Atomic Energy Com- 
mission, the military, other industrial applications of atomic energy, 
or industries indirectly related to the nuclear power industry. 


EXHIBIT B 


1 


ESTIMATE OF MANPOWER REQUIRED FOR GROWTH OF NUCLEAR POWER INDUSTRY 


TABLE 1.—Operation of nuclear powerplants—Manpower required 


Assumptions: 
VOTRE Ge On PIN oo casi dteaen eo ane dccndincdscadauncdecdiinndidescnens Wael 150, 000 
eo Be oa SY eee eee es er eee 4 


| Radiation | Mainte- | 1 
techni- | nance and | Engineers 


cians ? service 


lai per 


Reactor Oper. ) 
sonnel] 3 


End of year operators | Super 


| 
210 | 50 | 120 | 
530 130 300 
2, 880 720 1, 620 
§, 850 2, 210 | 5,000 | 
18, 670 4, 670 | 16, 500 


Ps Estimate of growth made by Dr. Kenneth Davis, Apr. 1, 1955, before annual meeting of American Power 
onference, 

* Includes monitors, instrument technicians, ete. 

‘Includes only personnel engaged in the operation of the nuclear portion of the plant. Does not tnelude 


Clerical, turbogenerator and other personne] whose functions would be the same in a conventional power 
piant, 


*Dr. Davis said, in part, “It is most difficult to evaluate something which is still in the 
development stage, as nuclear powerplants are today. The margins between present ac 
complishment and required accomplishment is still so large that accurate predictions of 
the degree of improvement feasible and likely cannot be made.” 
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TABLE 2.—Chemical processing plants—Manpower required 


Assumptions: 
Average plant factor--. 
Average fuel cost... 
Cost of processing (12 percent) I 
Labor costs (percent of total cost) ._ scheiasaiid bibles 4 
Average employees earnings (annual) - ee. Knbabtaeahanenaeauae crusader onbuon GU Oel 





Scientists 
and 
engineers 


Operating 


Total per- 
personnel ! 


Year end 
sonnel 





50 

100 f 
390 2, 
800 8, 
1, 680 16, 80 


1 Includes chemical operators, mechanics, technicians, etc. Does not include clerical, administrative, and 
other nontechnical operating employees (estimated at 20 percent of total). 


TaBLe 3.—F uel element fabrication plants—Manpower required 


Assumptions: 
Fuel element fabrication cost (mills per kilowatt-hour (50 per peas? _wnbeedeviadmibve Debesedaamen 1.5 
en I EC anpdiememhab sche th inthis bes diuiaehdecbea’ 4() 
Average employee earnings (annual) i ~ $6, 000 





Scientists 
and 
engineers 


Operating 


Total per- 
personne] ! 


yr » e 
Year end sonnel 


200 800 
400 2, 000 
1, 620 10, 800 
3, 320 33, 200 
7, 000 70, 000 


1 Includes chemical operators, mechanics, technicians, et cetera. Does not include clerical, administrative, 
and other nontechnical operating employees (estimated at 20 percent of total). 


TABLE 4.—Development, design, and construction of reactor systems—Manpower 
required 
Assumptions: 
Average cost of reactor system (per electrical kilowatt) 
Labor cost (percent of total cost) .. 
Average employee earnings (annual) 


Mechanical 
and subpro- 
fessional 
personnel ! 


Scientists 
and en- 
gineers 


Total per- 


r » > 
Year end sonnel 





8, 000 
14, 000 
67, 000 
120, 000 
174, 000 





1 Includes construction laborers and mechanics, technicians, draftsmen, fabricators, etc. Does not in- 
clude clerical and administrative personnel. 





ce 


0. 36 
4 
6, 000 
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TABLE 5.—Summary of manpower requirements 





Mechanical | 
and subpro- | 
fessional 


Scientists 
and en- 
gineers 


Total per- 


Year end sonnel 


7, 200 
14, 400 
74, 500 
166, 000 ’ 
282, 000 23, 305, 000 


| Includes all personnel given in tables 1 through 4, exclusive of scientists and engineers. 
Note.—The following percentages were used in estimating the numbers of scientists and engineers in 
tables 2, 3, and 4: 


| Develop- 
Chemical | Fuelelement/ ment, design, 
processing fabrication and con- 
struction 








1960__- sstincescs ania eccsatataaaen tiniad Tsibiinidimaaalltaciibiiiitinniie dais dita inal atk 25 
1965__* ; é i 4 20 
1970... ‘ Ne ee See A oe { 15 
1975__. 10 
1980 ; oi «9% ‘ , mi 


CoMMUNICATION From Pane. To Atomic ENercy CoMMISSsION 


October 10, 1955 


In connection with consideration by the panel on the Impact of the 
Peaceful Uses of Atomic Energy of the problems of education and the 
role of Government it is essential that certain statistical information 
beavailable. This information includes: 

(a) The number of people engaged in research activities in all 
Atomic Energy Commission programs broken down by scientific, 
technical and engineering, and administrative totals and grouped 
according to whether employment is directly by the Atomic En- 
ergy Commission or by a contractor to the Commission. 

(6) The number of people engaged in research activities relat- 
ing to the peaceful uses of atomic energy broken down as indicated 
in (a) above and further defined to indicate whether the research 
involved applies solely to peaceful applications or partly to peace- 
ful applications and partly to support AEC production activi- 
ties or nonpeaceful use programs. 

(ec) The number of people engaged in production activities with- 
in AEC programs broken down as indicated in (a) above. 

(d) The number of people engaged in nonpeaceful use research 
activities broken down as indicated in (0) above. 
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CoMMUNICATION From Atomic Enercy CoMMISsION 


October 31, 1955 


This will reply to your letter of October 10, 1955, requesting certain 
statistical information in connection with the panel’s consideration of 
the problems of education and the role of Government. 

We are sure you will understand that few of the Commission’s re- 
search activities can be considered solely peaceful or nonpeaceful, since 
in so many cases the fruits of the research may be applied in either 
way. Also, both peaceful and nonpeaceful research are frequently 
carried on in the same research centers and so intermixed that it would 
be a matter of the utmost difficulty to separate them. The same indi- 
vidual may have responsibilities on both sides, for example, or a group 
may work alternately on peaceful and nonpeaceful projects. 

In order to comply with your request, however, we have undertaken 
in the following tabulation to categorize the research and development 
activities carried on under contract with the Commission, according 
to whether the intended application is primarily—rather than solely— 
peaceful, partly peaceful, or nonpeaceful. We have not included more 
the 700 so-called off-site contracts under which the Commission gives 
financial support to research programs conducted by academic institu- 
tions or private research institutions with their own personnel and 
facilities, normally on a lump-sum basis. These programs, or projects, 
are characteristically carried out on a part-time or intermittent basis 
by regular employees of the university and therefore do not lend them- 
selvs meaningfully to inclusion in a statistical report. However, they 


constitute an important segment of the Commission’s peer research 


effort, relating in large part to basic research in the 
sciences. 

In addition to these off-site contracts, a considerable amount of re- 
search which is carried on under subcontracts with our major operating 
and research contractors is not included in the tabulation. This work 
is also carried on at the private facilities of the subcontractors. 

We have assumed from the nature of your interest that you wish us 
to report only professional employees. Therefore, we have included 
only employees whom we classify in our records as “Professional scien- 
tific and engineering” and “Other professional and managerial.” 
These employees meet the requirement for the “exempt” status under 
the Fair Labor Standards Act. 


ife and physical 


Contractor Employees 


Scientific wae Adminis- 


trative 





Research and development... --- wii paat 4, 475 3, 837 


Primarily peaceful application 1, 226 439 
Partly peaceful application  - 2, 365 2, 035 
Primarily nonpeaceful] application 884 1, 363 





2, 293 


Production _ ~ ;, ; 0: , 3, 511 | 7 


3, 746 | 








ain 
1 of 


re- 
nce 
her 
itly 
uld 
idi- 
Oup 


ken 
ent 
‘ing 
— 
lore 
ives 
itu- 
and 
cts, 


ASIS 


em- 
hey 


reh 
ical 
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In its consideration of this question, the panel will recognize the 
very substantial contributions to peaceful uses of atomic energy result- 
ng from research and development aimed at a specific nonpeaceful 
or military program objective. The most prominent illustrations, 
perhaps, are the military reactor programs, which have contributed 
so much to the present position of the United States in development 
of reactor plants for electric power and propulsion. Accordingly, the 
contractor-operated research and development facilities engaged in 
the power-reactor projects are classified as partly peaceful. 

It is also important to recognize that of the people employed in 
production activities within AEC programs, many are engaged in 
peaceful applications. Moreover, the production programs of AEC 
have brought into being both facilities and materials upon which the 
whole of peaceful applications depends. 

The organization of the Atomic Energy Commission does not lend 
itself to the requested breakdown. It is, of course, an administrative 
organization and the only direct operations carried on with Govern- 
ment employees are a small health and safety laboratory in New 
York City and a control laboratory at New Brunswick, N. J., employ- 
ing together a total of 50 professional employees. A large proportion 
of AEC’s employees are engaged in staff work such as budgetary con- 
trol, accounting, security, property management, personnel, and so 
forth, which extends across all the Commission’s activities. The 
larger operating divisions are also so organized that many of the 
personnel have responsibilities for both production and research and 
for peaceful and nonpeaceful activities. There are some cases where 
the employees can be categorized according to the requested break- 
down but these are decidedly in the minority. The total numbers of 
professional employees (grades GS-9 and above) broken down 
according to occupational classification are as follows: 

Scientific 
Engineering 
RO rictecitnnnicitiiiinain sin irinsamnianisntiaiien mince salsa ledeentaiiedinaneyintiigaiigemin i 


Total 


All of these employees except the 50 referred to above would be 
considered as engaged in administrative work within the meaning of 
your request. 

* * = * * * * 


CATEGORIZATION OF RESEARCH CONTRACTS 


Chicago Operations Office 
Battelle Memorial Institute: Peaceful. 
General Electric Co. (Lockland) : Partly peaceful. 
Argonne Cancer Research Hospital : Peaceful. 
Argonne National Laboratory: Partly peaceful. 
Westinghouse Electric Corp. (Idaho) : Partly peaceful. 
Westinghouse Electric Corp. (Pittsburgh): Partly peaceful. 
Towa State College: Peaceful. 


[daho Operations Office 
Phillips Petroleum Co. (materials testing reactor) : Peaceful. 
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New York Operations Office 
University of Rochester: Peaceful. 
National Academy of Science: Peaceful. 
Associated Universities, Inc. (Brookhaven) : Peaceful. 
Sylvania Electric Products: Partly peacefui. 
Nuclear Metals, Inc. : Peaceful. 


Oak Ridge Operations Office 
Union Carbide Nuclear Co. (X-10) : Partly peaceful. 
Oak Ridge Institute of Nuclear Studies: Peaceful. 
University of Tennessee Experimental Farm: Peaceful. 


San Francisco Operations Office 
North American Aviation, Inc.: Peaceful. 
University of California Radiation Laboratory (includes Liver- 
more) : Partly peaceful. 
University of California Medical School: Peaceful. 
University of California at Los Angeles: Peaceful. 


Santa Fe Operations Office 


Sandia Corp.: Nonpeaceful. 

Los Alamos Scientific Laboratory: Nonpeaceful. 
Lovelace Foundation: Peaceful. 

Edgerton, Germeshausen & Grier: Nonpeaceful. 


Savannah River Operations Office 
Horizons, Inc.: Partly peaceful. 


Schenectady Operations Office 


General Electric Co. (West Milton) : Partly peaceful. 
General Electric Co. (Knolls Atomic Power Laboratory) : Partly 
peaceful. 


Combustion agineting. (KAPL) : Partly peaceful. 
( 


Ford Instrument Co. (KAPL): Partly peaceful. 


Division of Raw Materials 
Rohm & Haas Co.: Partly peaceful. 
Arthur D. Little: Partly peaceful. 
National Lead Co.: Partly peaceful. 
University of Nevada: Partly peaceful. 
Dow Chemical Co.: Partly peaceful. 
Columbia University : Partly peaceful. 


Atomic InpustrriaL Forum, Inc. 
July 26, 1955 


SOME COMMENTS ON THE URGENT NEED FOR SCIENTISTS AND ENGINEERS 
IN ATOMIC ENERGY 


1. Requirements for nuclear scientists and engineers 

The Atomic Industrial Forum recently completed a survey of the 
materials, equipment, and scientific/engineering personnel which will 
be required in atomic energy development over the next 10 years. 
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The survey discloses that industry and other non-Government or- 
ganizations invested $50 million in nuclear research and development 
prior to 1954. 

Industry and other non-Government are expected to spend approxi- 
mately $300 million for nuclear research and development expenses 
during the 4-year period 1955-58. This will be approximately 25 
percent of the total expenditures for all Government and non-Gov- 
ernment nuclear research and development activities other than those 
associated with the production of fissionable materials and the manu- 
facture of nuclear weapons. 

These figures support expectations that a substantial increase in 
the number of scientists and engineers is essential if the atomic energy 
field is to grow. 

There are at present estimated to be approximately 15,500 scientists 
and engineers employed in their professional capacities in the nuclear 
field. The Atomic Energy Commission and its contractors account for 
some 14,000 of this number. 

However, the number of professionally trained people working for 
industry and other non-Government organizations is expected to go 
up rapidly; it will multiply several times over within the next few 
years. The forum’s survey projections are as follows: 


1 
} 


1 
. | = 
Employed | Employed 
by AEC by industry 
and its and institu- | 
contractors tions 


Total 


1, 500 | 15, 500 
4, 500 19. 500 
15-25, 000 | 30-40, 000 


Assuming the maximum growth figure is realized, almost 25,000 nu- 
clear scientists and engineers will have to be trained before 1964. 
This indicates an annual net increase of 2,500. Inasmuch as we are 
now turning out personnel at the rate of 41,000 with bachelors’, mast- 
ers’ and doctorates a year, we see that the nuclear field needs 6 percent 
of our graduates over the next decade. This, then, is an imposing 
additional new competitor in the perennially short market supply of 
engineers and scientists. 


2. An added problem faced by technical schools and others contemplat- 
ing the establishment of nuclear science and engineering courses 
The usual and very serious obstacles of lack of funds and lack of 
teaching staff faces the administration of any educational institution 
which is considering setting up nuclear science and engineering courses. 
But an additional obstacle confronts educational planners, that of 
secrecy or security. Administrators don’t know how to grapple with 
this problem. ‘They are at a loss as to how they can proceed, how 
they can assemble information, how they can contend with a secrecy 
or partially secrecy system, and with how they can keep current with 
new and/or declassified information in this field. 
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3. Where do nuclear scientists and engineers come from? 
Universities and technical colleges—graduates and postgrad- 
uates. 

2. Conversion of scientists and engineers: 

(a) National laboratories: 
1. Argonne, Oak Ridge, Brookhaven, KAPL. 
(6) On-the-job training. 
(c) Technical and other schcol courses for previous profes- 
sional graduates. 
}. Interest of Atomic Industrial Forum in nuclear education 

The forum staff has discussed this problem of education and train- 
ing with its directors and members. It has under consideration: 

1. Cooperation with American Society of Engineering Education 
in a survey of what nuclear science and engineering degree courses are 
offered. 

By what means can industry increase its support of education ? 

3. What courses the forum can offer for management (1) indoctrina- 
tion in nuclear field and (2) study of problems peculiar to nuclear 
field. 


EpUCATION AND THE SUPPLY OF SPECIALIZED TALENT 


Prepared by Philip H. Coombs, secretary and director of research, the Fund for 
the Advancement of Education 


November 4, 1955 
PREFACE 


This report is based on a discussion meeting at the Hotel Statler 
in Washington, D. C., on July 26, 1955 , sponsored by the Fund for the 


Advancement of E ducation and ‘attended by the following: 


Mr. Douglas M. Bray, National Manpower Council 

Mr. Henry Chauncey, Educational Testing Service 

Mr. Bowen C. Dees, National Science Foundation 

Mr. Walter Hamilton, Panel on Impact of Peaceful Uses of Atomic 
Energ 

Mr. Robert McKinney, Chairman, Panel on Impact of Peaceful Uses 
of Atomic Energy 

Mr. E. P. Northrup, National Science Foundation (University of 
Chicago) 

Mr. Charles Robbins, Atomic Industrial Forum 

Mr. M. H. Trytten, National Research Council 

Mr. Dael Wolfie, American Association for the Advancement of 
Science 

Mr. Philip H. Coombs and Mrs. Anna Jo Behrens, the Fund for the 
Advancement of Education 


The purpose of the meeting was to explore the problem of educating 
specialized personnel as part of the fund’s broader inquiry into the 
long-range outlook for teacher supply, demand, and utilization, and 
to help make the fund’s study as useful as possible to those especially 
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concerned with scientific and engineering personnel, including the 
Panel on the Impact of Peaceful Uses of Atomic Energy. 

An earlier draft of this report was circulated to the above partici- 
pants, who made many useful suggestions for its improvement. The 
writer takes full responsibility, however, for this revised draft. 


Puitie H. Coomss, 
Secretary and Director of Research, 
The Fund for the Advancement of Education. 
NoveMBER 4, 1955. 


The shortage of skilled manpower which confronts the atomic 
energy industry is unquestionably unique in some respects, but 
basically it reflects a condition that confronts all users of scientific 
and engineering personnel today. Moreover, it reflects a shortage of 
highly talented manpower generally, which extends far beyond science 
and engineering. This being the case, it follows that the manpower 
shortage of the atomic energy industry can be neither understood 
nor solved in isolation. 

This paper is concerned only with the broad shortage of what may 
be loosely described as “specialized talent,” and with the relation of 
this shortage to education. It is recognized that less skilled iat flied 
is also of great importance to the atomic energy industry and that 
much effort and ingenuity will be required to recruit and train large 
numbers of such personnel for this new and technically complex in- 
dustry. But less skilled labor is more abundant and more readily 
convertible to meet new demands; hence it is less likely to be as stub- 
born a bottleneck to growth as highly skilled manpower which re- 
quires long years of educational preparation and specialized training. 


CHARACTERISTICS OF SPECIALIZED TALENT 


As defined and measured in Dael Wolfle’s study, “specialized talent” 
comprises less than one-tenth of the total labor force.2 A National 
Manpower Council study, using different terminology but with classi- 
fications that largely overlap Wolfle’s, estimates the total of profes- 
sional, technical, and kindred workers at about 8 percent of the work- 
ing force as of 1950.* 

Precise definition and measurement is not essential nor even pos- 
sible since skill and talent in our total labor force is arrayed in an 
unbroken continuum. What is important here is that this compara- 
tively small group we call specialized talent plays a highly strategic 


2 America’s Resources of Specialized Talent (1954): Wolfle defines ‘‘specialized talent” 
as “** * ® those persons who are educated, intelligent, able to work with ideas, and 
qualified to plan and understand and direct the Nation’s complex web of industrial, 
technological, social, scientific, and governmental institutions and problems. This limited 
portion of the population is easier to illustrate than to define. It includes the engineers 
and doctors, the philosophers and historians, the scientists and teachers, the business 
executives, and all the other people who have mastered some appropriate portion of the 
great and growing body of knowledge =n which the Nation’s ever more complex indus- 
trial, military, scientific, and social machinery is based. It includes, too, those who have 
gone beyond knowledge of engineering, law, or some other snoctany and have acquired the 
broad vision and wide knowledge that give them the capacity for leadership in industry, 
labor, government, or education. No term in common usage covers all these groups,” pp. 


o, G, 

Wolfle’s count of personnel in the principal specialized areas totals some 5.3 million 
individuals as of 1953 in a total labor force approaching 65 million. Only a fraction of 
these have advanced university degrees (p. 77). National Science Foundation estimates 
indicate that there are probably not more than 90,000 individuals currently active in the 
United States who hold Ph. D.’s in all fields combined, and something over 200,000 
individuals holding doctorates in the various health fields. 

a Manpower Council. A policy for Scientific and Professional Manpower (1953), 
Dp. 
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role in virtually all sectors of modern American society, and both its 
size and quality are dependent upon the state of our educational 
system. 

As our economy has grown larger and more complex, the propor- 
tion of specialized talent in the total labor force has also grown, from 
something on the order of 3 percent in 1870 to about 8 percent in 
recent years.’ This is an essential characteristic of an advancing 
society, and if the Nation is to continue its progress, then the educa- 
tional system must continue to raise the proportion of highly trained 
manpower in the labor force. This in turn requires that an increasing 
proportion of the Nation’s ablest youth must receive college and post: 
graduate training in future years and that the quality of such training 
must be constantly i improved. 

Among all the categories of manpower that make up the Nation’s 
labor force, the specialized talent group will always represent the 
most serious limitation upon economic growth and social progress. 
It is this eo that must provide the technological dynamic in the 
economy, the leadership to solve increasingly compléx social prob- 
lems, the scholarship to extend the frontiers of human knowledge, 
and the creativeness to add new wealth to our cultural heritage. The 
great strength of our democratic system lies in the fact that these 
individuals are not set apart as an elite by accident of birth but are 
instead a fluid group open to persons from any social or economic 
background on the basis of merit, thus insuring a continuous infusion 
of new vitality. 

In a prosperous and expanding society there is never really enough 

talent, but the intensity of the shortage is likely to vary through time 
and by areas. Such shortages are not as readily remedied as other 
types of manpower shortages because there is no easy substitute for 
a talented specialist and years are required to produce additional ones. 
Within limits, existing specialists can be converted to new functions— 
there are wartime cases of biologists converted to good electronics 
researchers. Transfers of talent are a normal aspect of a growing 
and shifting economy, but pressed too hard they can lead to “socially 
harmful dislocations. Similar dangers arise if the output of new 
talent from educational institutions becomes seriously skewed in one 
direction or another. 

If the atomic-enery industry is to grow rapidly and make its maxi- 
mum contribution, it must secure the services of an adequate share of 
the Nation’s limited supply of specialized talent, particularly in the 
fields of science and engineering. ‘The national demands for all such 
personnel have lately outstripped the supply, despite sharp increases 
in the output of nuclear physicists and postgraduate engineers in re- 
cent years. Therefore the atomic-energy industry has no choice but 
to compete vigorously against other claimants for each personnel. 


T he outlook for supply and demand of specialized talent 

It would be prudent to anticipate a continued rise in the demand 
for specialized talent in or all fields, especially if the American 
economy maintains anything like its present rate of growth. This 
steadily expanding need is obvious in fields requiring scientific, engi- 


8 wae Manpower Council. A Policy for Scientific and Professional Manpower (1953), 
42. 


p. 
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neering, and medical talent, and recently it has become dramatically 
evident in the whole field of education due to the sharp rise of school 
and college enrollments now underway. The need may be just as 
great, though less dramatically evident, in such fields as philosophy, 
history, literature, and the arts. 

On the supply side, no relief is in sight for at least 10 to 15 years. 
Colleges and graduate schools are still — the thin population 
group born in the thirties and early forties. Only when the much 
larger group born since World War II begins to emerge from college 
is real relief possible. It is entirely possible, however, that demand 
for trained personnel will by then have grown sufficiently to make the 
relative shortage of specialized talent just as great as now. This pros- 

ect was advanced in a recent series of articles in Harpers magazine 
»y Peter Drucker: 


Automation requires trained and educated people in unprecedented numbers, 
The quantitative need alone will be so great * * * that the 8 or 10 million college 
students we can expect 15 years hence will be barely sufficient. One large manu- 
facturing company (now employing 150,000) figures that it will need 7,000 college 
graduates a year, once it is automated, just to keep going; today it hires 300 
annually. 

But the need is above a!l qualitative—for better educated people. The trained 
barbarian, the man who has acquired high gadgeteering skill, will not do. Even 
in routine jobs, automation will require ability to think, a trained imagination, 
and good judgment, plus some skill in logical methods, some mathematical under- 
standing, and some ability well above the elementary level to read and write—in 
a word, the normal equipment of educated people. Under automation, a school 
could do a student no greater disservice than to prepare him, as so many do 
today, for his first job. If there is one thing certain under automation it is that 
the job—even the bottom job—will change radically and often. 


The short range versus the long range 


The growing atomic-energy industry must recruit its specialized 
manpower in the next 10 years in part from new college and university 
graduates and in part from the existing pool of specialized talent now 
otherwise occupied. Any action taken to improve the supply of new 
graduates, in quality as well as numbers, is not likely to produce large 
results for some years. This fact obliges the atomic-energy industry 
to be heavily dependent in the immediate future upon the existing 
pool of talented manpower. This will entail difficult recruiting and 
retraining problems. 

This short-run condition, however, in no way diminishes the impor- 
tance and urgency of applying vigorous measures to strengthen the 
longer run capacity of our educational institutions to produce a larger 
supply of high quality, well educated personnel. Unless such actions 
are taken now, the Nation may find itself 10 years hence with worse 
supply premiere for specialized talent than at present. What is indi- 
cated for all parties concerned—Government, industry, and educa- 
tors alike—is action on two fronts simultaneously, aimed at making 
the best use of presently available manpower, and at improving the 
future supply of manpower coming up through the educational sys- 
tem. It is with the latter objectives that the balance of this paper is 
concerned. 


THE THREAT OF EROSION IN EDUCATION 


The seriousness of the educational outlook is not yet well recognized. 
At the very time in history when the national need calls for better 
— we face the sobering prospect of getting poorer education at 
all levels. 
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Dr. M. H. Trytten, Director of the Office of Scientific Personnel of 
the National Research Council, has observed: 

Fundamentally there is only one long-run answer to the problem of the supply 
of scientists : We need to do a better job, from high school on, of teaching, inspir- 
ing, encouraging and financing our able youngsters to take up careers in sci- 
ence * * *, Weare providing the money and the metal for national defense, but 
we have done very little to provide the trained manpower upon which our strength 
finally depends.‘ 


This observation, applied broadly to specialized talent in general, 
appears as valid today as when Dr. Trytten wrote it 4 years ago. 

Walter a recently made the point that the Nation’s educa- 
tional needs have increased rapidly as our economy has grown in size 


and complexity and as our social problems have multiplied in number 
and difficulty. But our educational effort has lagged increasingly be- 
hind our expanding needs, thus confronting us with a growing educa- 
tional deficit. Mr. Lippmann concluded: 


We have to do in the educational system something very like what we have 
done in the Military Establishment during the past 15 years. We have to make a 
breakthrough to a radically higher and broader conception of what is needed 
and of what can be done. Our educational effort today, what we think we can 
afford, what we think we can do, how we feel entitled to treat our schools and 
our teachers—all of that—is still in approximately the same position as was 
the military effort of this country before Pearl Harbor.’ 

The situation to which Dr. Trytten and Mr. Lippmann make refer- 
ence has now reached the stage where that much overworked label, 
“crisis,” may be used advisedly. The conjunction of two powerful 
forces at this point in history has confronted our whole educational 
enterprise with perhaps its most serious threat and challenge in all 
history. 

The first of these forces is the phenomenal rise in enrollments now 
underway which results largely from the sharp increase in births 
since World War II. The children already born will strain the 
sapacity of our schools and colleges for 15 to 20 years to come, and the 
extraordinary level of births has thus far not diminished. The prob- 
lem is clearly not temporary. Elementary enrollments are up con- 
siderably from 1945, as every community knows, but they will rise 
another 28 percent by 1959. Between now and 1969 secondary school 
enrollments for the country as a whole will rise better than 70 percent. 
College enrollments will reach double their present level sometime 
between 1965 and 1970. 

The second powerful force is the vigorous demand throughout the 
economy for high quality, well-educated manpower. In their effort 
to attract and hold a sufficient number of such people in teaching, 
our schools and colleges are at a severe competitive disadvantage. 

The number of new teachers needed over the next 10 years for the 
schools alone, in order to preserve the present Ly ‘eae 38 ratio, 
equals 160 percent of all the schoolteachers we now have. Moreover, 
the number of new schoolteachers needed equals more than half of all 
the 4-year college graduates of every variety that are expected to 
emerge over the next 10 years. By comparison, only 20 percent of all 
new college graduates have been entering teaching recently. Ob- 


¢ Scientific American, September 1951, p. 76. 
5Lippmann, Walter, Educating for Leadership, an address to the National Citizens 
Commission for the Public Schools, San Francisco, March 19, 1954. 
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viously, nothing like half of all college graduates can be expected to 
enter teaching, and if they did it would impose severe dislocations on 
the rest of the economy. 

At the college level the problem will be even more acute, since the 
enrollment increase there will be proportionately greater and the 
supply of potential teachers proportionately smaller. Even now, 
before the postwar bumper crop of children has reached college age, 
the colleges are having difficulty filling teaching positions with well- 
qualified persons, especially in the sciences. But to maintain their 
present student-teacher ratios, the colleges will have to recruit over 
the next 15 years a total number of new teachers equivalent to roughly 
twice the number now teaching. Meantime, the need for new college 
teachers will rise more rapidly than the output of Ph. D.’s and will 
be more than twice as great. Moreover, it is doubtful that more than 
50 to 60 percent of all new Ph. D.’s will become college teachers, with 
a smaller proportion in the sciences and engineering. At this rate, 
the proportion of American college teachers possessing Ph. D. train- 
ing will decline from roughly 40 percent now to 20 percent by 1970, 
with the quality and academic preparation of other faculty members 
probably declining in comparable Faden. 

These facts all add up to the conclusion that America’s teacher short- 
age is impossible to salve on our present basis of recruiting, training, 
and utilizing teaching manpower. If it is not solved, the only result 
must be a progressive deterioration in the quality of education at all 
levels. Nothing short of revolutionary changes in our present methods 
of attracting and utilizing educational personnel holds promise of 
avoiding such consequences. 


SIGNS OF QUALITY DETERIORATION 


American education faces the foregoing problems with a heavy 
backlog of unfinished business in the form of quality weaknesses. 
Great improvements had been made over the years, but much re- 
mained to be done, such as filling important curriculum gaps, re- 
placing poorly qualified teachers with better ones, and the like. For 
example, 46 percent of American high schools offer no foreign lan- 
guages, one-quarter offer neither chemistry nor physics, one-quarter 
offer no geometry. About one-third of our public school teachers 
have had less than 4 years of college. Between one-third and one- 
half of the young men drafted from nine States failed the armed 
services qualification test during the Korean conflict. 

Instead of remedying these defects, however, we seem to be en 
route to enlarging them. Many additional high schools have re- 
cently dropped science and mathematics courses. The college output 
of fully qualified high school teachers declined 41 percent from 1950 
to 1955. Those prepared to teach mathematics and science dropped 
51 percent and 57 percent, respectively. According to one set of es- 
timates, the number of high school science teachers needed in 1954-55 
was 7,900; the number of fully qualified ones turned out by the col- 
leges was 3,600, and of these only 1,700 actually entered teaching. 

The situation appears destin’ to grow worse unless strong meas- 


ures are adopted to reverse the trend. 
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THE EDUCATION OF OUR ABLEST YOUNG PEOPLE 


At a time when almost every business and profession is experienc- 
ing a shortage of specialized talent, we are failing by a wide margin 
to develop fully the capabilities of our ablest young people. Recent 
studies indicate that only 4 out of 5 of the ne quarter in intelligence 
of our high school age young people finish high school, and only 2 
out of 5 enter college. Beyond this, there is abundant evidence that 
our schools and colleges are not providing their ablest students with 
adequate opportunity and Snelioneet Able students typically are 
forced into the lockstep of the grade system and given an academic 
diet too thin for their capabilities. They are not stretched and chal- 
lenged, they are not enabled to proceed academically at their own 
best pace, they are not adequately encouraged to develop serious in- 
terests in intellectual affairs. An untold number of future scientists, 
writers, teachers, and highly talented young people of all sorts are 
lost in the elementary and secondary schools through poor teaching 
and learning arrangements. Much of the freshman year in many 
colleges is essentially remedial; able students are often forced to cover 
the same ground twice or to move along at too slow a pace. Unchal- 
lenging arrangements such as these do not merely waste the time of 
students and teachers alike; they may dampen irrevocably the young 
person’s interest in learning and inhibit his full development in the 
long run. 


HOW CAN THE SUPPLY OF SPECIALIZED TALENT BE IMPROVED? 


Attention has been focused in the foregoing discussion upon several 


important shortcomings and prospective problems of our educational 
system which have a vital bearing on the future supply of specialized 
talent. This emphasis should not be allowed to obscure the fact that 
over the last half-century our Nation has made tremendous progress 
in education, both in quality and in the proportion of the population 
served. But neither should past progress be allowed to obscure the 
pressing need for future improvement. 

The rising tide of students, the shortage of able teachers, and the 
inadequate education of our ablest young people—these and other 
conditions that confront our schools and colleges today must be viewed 
as profoundly serious problems. At the same time, however, they 
may also be viewed as profoundly promising opportunities, if as a 
Nation we have the wit and will to seize them. The worst problem we 
could face would be to have a declining number of young people to 
educate, to have no cushion left for further development of our ablest 
youth, and to have exhausted all possibilities of improving teaching 
and still be left with the prospect of quality deterioration. Our situ- 
ation is in fact the opposite. Each of the problems enumerated repre- 
sents an important potential for improving our long-run position. 

There exists no well-developed blueprint for remedying these prob- 
lems and exploiting the corresponding opportunities, but a number of 
general guides are apparent. To convert these guides into practical 
actions will require an abundance of ingenuity and experimentation. 
Perhaps above all it will require a willingness to exchange old educa- 
tional ways for new and better ones, which in education, as elsewhere, 
is often a slow and painful process. 
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1. Raising the quality of education 

A prime requirement for improving educational quality at all levels 
is for school and college teaching to secure and utilize efficiently an 
adequate share of the Nation’s most talented and best educated man- 
power. This can only happen if the basic conditions which govern 
the attractiveness of teaching—notably salaries, opportunity for ad- 
vancement based on merit, the community and professional status 
and prestige of teaching, and the nature of the teaching job itself—are 
all advanced to a competitive parity with other occupations which de- 
mand a similar high quality of personnel. Otherwise teaching must 
satisfy its manpower requirements largely from a lower quality stra- 
tum and we cannot hope to sustain and enhance the quality of educa- 
tion. 

If teaching’s competitive position were greatly improved, the qual- 
ity of recruits could be correspondingly improved, but it would still 
be statistically impossible to secure enough high-quality people to pre- 
serve present pupil-teacher ratios over the next 10 to 20 years. ‘There 
simply will not be that many available to satisfy the total needs of 
teaching (as we now calculate those needs on the basis of present pupil- 
teacher ratios) plus the needs of other occupations. In short, the 
problem cannot be solved by attacking the supply side alone. We 
must search for ways to get along with relatively fewer teachers than 
we now say we need, and still get better results. 

This is not at all an impossible goal, in view of the present under- 
utilization of trained manpower in teaching. In the first place, al- 
most all teachers are needlessly burdened with clerical, housekeeping, 
and other nonprofessional duties which could equally well be per- 


formed by less skilled personnel, as in other professions. Experi- 
ments with the use of teacher aids have thus far yielded very prom- 
ising results. In Bay City, Mich., elementary schoolchildren in ex- 
perimental classes numbering 45 to 50, under an ro geen teacher 


plus an aid, received more individual attention and learned more in 
a year than children in conventional classes of 30 taught by an equally 
good teacher but no aid. 

Possibly the most serious waste of high talent results from our habit 
of using our very best teachers no differently than our average or 
poorest teachers. Typically they serve no more students, teach the 
same kinds of courses, get the same pay, and are promoted on the same 
basis (years served and credits accumulated, without serious regard 
to quality of performance). In all other professions the most dis- 
tinguished members typically serve more people, are given greater 
scope to contribute to society, and are accorded greater rewards, finan- 
cially and otherwise. Current experiments in the use of classroom 
television, whereby the most outstanding teachers can reach far more 
students, suggest one promising possibility for reducing this form of 
waste, 

Changes in our present methods of utilizing skilled manpower in 
teaching would both require and facilitate much-needed changes in 
the present salary structure of teaching. Instead of putting all teach- 
ers, regardless of ability, into essentially the same job classification 
and ee divorcing ability from rewards, it should be possible to 
develop a hierarchy of classifications, geared to different types and 
levels of tdeporisibility and to different salary structures. An unusu- 

70101—56—vol. 287 
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ally able person might then have the opportunity to rise to successive 
levels of teaching responsibility on the basis of demonstrated ability. 

Such improvements in the utilization of teaching manpower would 
entail very considerable changes in the present logistics of teaching. 
Without such changes, it seems almost certain that educational quality 
will undergo steady deterioration at all levels over the next 10 to 20 
years, to the detriment of all society for many more years to come. 
2. Improving the education of abler students 

This problem, like that of teacher supply and utilization, requires 
attack on several fronts and at every level of the educational structure, 

A number of public-school systems are now experimenting with en- 
riching educational opportunities for abler students. The most no- 
table case, perhaps, is Portland, Oreg., but there are many others, 
The last few years have witnessed an encouraging increase in public 
and professional support for such efforts, where earlier they were 
often greeted by suspicion and hostility. 

A number of experiments are being focused upon the problem of 
“bridging the gap” between school and college, in the interest of mak- 
ing the education of each individual student a more coherent, cumula- 
tive, and challenging process, Notable among these experiments are 
the program for early admission to college and the program for ad- 
mission to college with advanced standing. The latter program, hay- 
ing passed successfully through an experimental stage, has recently 
been taken over as a permanent program by the college entrance 
examination board. 

A number of colleges and universities have recently taken a fresh 
look at their programs in relation to the needs of abler students and 
are making more flexible arrangements to meet these needs. 

The recent inauguration of the national merit scholarship program 
has focused much-needed attention upon the large number of able high- 
school students who are deprived of a college education commensurate 
with their abilities because of financial handicaps. If this program 
and others like it can be greatly expanded in coming years, it would 
contribute much to expanding the future supply of specialized talent. 

There is much still to be learned about improving the education of 
gifted young people, but far more is already known than is being 
applied on a broad scale. Rapid extension of programs such as those 
indicated above seems imperative, 

In the more specialized tields of graduate study, such as the sciences 
and engineering, noteworthy progress has been made in recent years 
toward opening up opportunities for able people through expanded 
fellowship programs. The program of the National Science Founda- 
tion is significant in this regard and various industrial firms have in- 
creased their contributions. Support at this level of the educational 
structure is important and needed, but a word of caution seems in 
order. A large expansion of fellowships in particular fields, such as 
the sciences, without corresponding expansion in other fields, could 
well produce an unwholesome distortion in the pattern of graduate 
students. Taken alone, such action might have mainly the effect of 
“dividing the shortage” differently as between fields and giving little 
relief to the overall shortage of specialized talent. This suggests, first, 
that fellowship programs and similar actions at the graduate level 
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should be kept in reasonable relationship as between major fields and, 
second, that action at the graduate level should be accompanied b 
equally vigorous action at the secondary school and undergraduate col- 
lege level designed to improve instruction and educational opportuni- 
ties generally, especially for abler students who, relative to their ca- 
pacity, are now among the most handicapped of all students. 


RESPONSIBILITY FOR ACTION 


The question of whose responsibility it is to bring about these im- 
provements is an important one which is often too easily ignored. 
Obviously the educators, the local communities, and the individual col- 
leges ae universities must carry a heavy share of the burden, but 
without much encouragement and support, and perhaps sometimes 
even some prodding, they cannot accomplish what is necessary. 

Business has a large stake in all the matters discussed above. It is 
obvious that every business firm is heavily dependent upon the schools 
and colleges for a continued and adequate supply of well-educated, 
well-trained manpower. The atomic energy industry is not a special 
case, except insofar as its needs at the moment are more pressing and 
more difficult to fill. A recent study made for the National Science 
Foundation, based on 200 large companies that employ well over half 
of the Nation’s industrial research scientists and engineers, had the 
following to report: 

At least half these companies reported that they were unable to hire enough 
research scientists and engineers to meet their needs and 1 out of 3 reported 
major or substantial shortages of such personnel. The remaining half of the 
companies interviewed did not report numerical shortages of research personnel, 
but many of them emphasized their need for better qualified scientists and 
engineers, 

Anyone familiar with American colleges knows that the shortage 
of well-qualified manpower is by no means limited to science and 
engineering. The spring of each year brings a flood of talent 
searchers to the campuses of most colleges and universities from the 
widest variety of businesses. This condition saree many attrac- 
tive opportunities, and often imposes very difficult choices, even for 
only moderately able students. This rigorous competition also means, 
however, that industry, government, and other professions are siphon- 
ing off a high proportion of the best potential teachers. If this trend 
continues these various claimants for specialized talent will find the 
supply drying up. We cannot expect the educational system to 
expand the supply of high quality manpower, in science, engineering, 
or any other field, unless the schools and colleges are able to plow 
back into the educational enterprise enough of their own finest 
products. 

Industry cannot and should not be expected to reduce its own in- 
sistent demand for such people, but industry will serve its own 
interests and those of all society by lending strong support, financial 
and otherwise, to the schools and colleges in their effort to improve 
the attractiveness of teaching and to expand the educational oppor- 
tunities for promising students. 

The F ederal Government likewise has an obvious strong interest and 
broad responsibility in this matter. This has been acknowledged in 
the setting up of the National Science Foundation and certain other 





562 PEACEFUL USES OF ATOMIC ENERGY 


specific programs relating to education, but it is doubtful if the Federal 
Government’s attention to these problems has anywhere near caught 
up with the expanded need and the heightened urgency. 

To meet its requirements for specialized talent over the next few 
years, the atomic energy industry will have to take many steps not 
discussed here. Especially it will have to recruit readymade scientific 
and technical personnel and in many instances convert them through 
special training to fit the unique needs of this industry. Meantime 
it will need to cooperate with universities, research institutions and 
the like to expand curriculum offerings and training arrangements in 
specialized fields of major interest to the industry—such as nuclear 
physics and nuclear engineering. Apparently such efforts are already 
well underway, though undoubtedly they require acceleration. 

It would be easy, however, for an industry that is faced with 
immediate and pressing manpower needs, and for Government officials 
concerned with that industry, to focus attention to exclusively upon 
the short-range, specialized aspects of its manpower problem. To 
do so would in the long run be shortsighted. Until and unless the 
whole problem of specialized talent is attacked at its broadest base, 
the atomic energy industry and many other industries will continue 
to be plagued by the same shortage of talent. 
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CoMMUNICATION From Panet to Atomic Enrercy CoMMIssiIon 
August 10, 1955 


It will be very much appreciated if you would have prepared for 
the use of the panel a report on the role of the Atomic Energy Com- 
mission in the promotion of public understanding and education with 
regard to the peaceful uses of atomic energy. ‘This report should also 
indicate what other channels for public education are known to the 
Atomic Energy Commission and how the AEC now conducts its 
relations with these other media. 

* * * * * * 


CoMMUNICATION From Atromioc Enrercy CoMMISSsION 
October 24, 1955 


In response to your request of August 10, 1955 * * * there is at- 
tached a report on The Role of the Atomic Energy Commission in the 
Promotion of Public Understanding and Education with Regard to 
the Peaceful Uses of Atomic Energy. 

The channels and/or media known to and utilized by the AEC in 
this work are clearly shown in the report. 


REPORT ON THE ROLE OF THE ATOMIC ENERGY COMMISSION IN THE PROMO- 
TION OF PUBLIC UNDERSTANDING AND EDUCATION WITH REGARD TO 
THE PEACEFUL USES OF ATOMIC ENERGY 


From the outset of the Atomic Energy Commission management of 
the national atomic energy program in 1947, the agency has main- 
tained a strong interest in the availability to the general public of 
information useful in understanding the peaceful applications of 
atomic energy. 

The Commission has taken the position that the responsibility for 
renee ie ublic with such information rested with established 

i 


and traditional media of mass communications such as the press, the 
radio-TV, the motion picture organizations and still picture dissemi- 
nation services, and with schools, colleges, educational organizations, 
textbook publishers, etc. The Commission has assumed responsibility 
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for making available to these media and channels such information 
on atomic energy as was not available or not readily available from 
any other source than the AEC. 

n this role, using a variety of means, the AEC has succeeded in 
the past 9 years in placing in the public domain a large quantity of 
information on a variety of subjects which has in turn been relayed 
to the public by newsmen and other writers and by educators, educa- 
tional organizations, and other educational peeves. 

Experience has shown the Commission that a large quantity of in- 
formation of clearly technical-scientific character has been found 
useful by science writers, textbook writers, scientists and technicians 
in preparation of remarks or writing for genera] public consumption. 
For this reason, in the section of this report on technical information 
and its pertinent appendix, there are described several technical infor- 
mation products and techniques which it is felt have made direct or 
indirect contributions to general public knowledge regarding the facts 
——— uses of atomic energy. 

ecause of the considerable variety of resources which the AEC 
has fostered to aid public understanding of atomic energy and/or its 
oar 2 seeeton the agency’s role in this field can best be out- 
ined by a listing and description of the more important products, the 


form they take and the methods by which they get general public 
circulation. 

Within the Commission program there are 2 general classes of in- 
formation, technical and public, and 3 classes of service dealing in 
such information, technical, public, and educational. Educational 
service, as naturally might be expected, is a subordinate activity under 


public information service. 


PUBLIC INFORMATION SERVICE 


Service to mass media 

The Public Information Service of the Commission has, on the 
Commission’s own motion, provided a steady flow of releases on peace- 
ful application of atomic energy as unclassified information with 
respect to such applications developed within the agency or as classi- 
fied data pertinent to such work where declassified. In addition, there 
has been given out an immeasurable amount of background informa- 
tion and other information responsive to inquiries by newsmen and 
other writers. —The Commission also has provided answers to count- 
less letters from the public requesting information on peaceful 
applications. 

Many of the speeches publicly presented by Commission officials 
constitute well-rounded, authoritative statements on subjects of gen- 
eral public interest and such remarks are reproduced and given exten- 
sive dissemination among writers and other interested persons who, 
at their own request, are carried on the agency’s mailings lists. 

A prime source of information for newsmen, as well as the Congress 
for which it is statutorily required, is the Commission’s semiannual 
report. In this document the agency attempts every 6 months to give 
a necessarily condensed but comprehensive review of its principal 
programs and activities in the half-year just past. By special per- 
mission of the Congressional Joint Committee on Printing, the AEC 
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is able to make a special printing of the semiannual report that enables 
it to meet the heavy public demand for the document. Whenever it 
is felt that a useful purpose is served by doing so, a news conference 
is held at the time the semiannual report is supplied to the Congress. 
The contents of the reports, particularly the parts having to do with 
peaceful applications, have on the occasion of such news conferences 
been amplified in ways notably useful to the news reporters. 

When feasible, and particularly in the earlier years of the agency 
when such information within the atomic energy program had not yet 
been issued even for the first time, there has been an effort to include 
in the semiannual report a special section dealing with a subject felt 
to be of particular interest to the Congress. These especially detailed 
treatments have included a number particularly pertinent to peace- 
time applications, for example, use of isotopes, atomic energy and the 
life sciences, radiation effects, etc. In fact, the standard content of 
the typical semiannual report invariably in its biology and medicine 
and reactor development parts largely consists of material containing 
an updating of peaceful applications, such as isotopes in medicine, 
agriculture, and industry, and the latest facts on reactor developments 
for atomic power. 

Although, as noted, the semiannual reports are primarily for the 
information of Congress, they have had popular acceptance by the 
newsmen and other interested individuals in the public as a very 
useful source, regularly renewed, of authoritative facts on peaceful 
applications. 

3esides the semiannual reports (18 issued to date), the principal 
authoritative text materials issued by the AEC to eabenedin repre- 
sentatives are the releases and speeches. Of the approximately 700 
releases disseminated since 1946, about 25 percent were related to 
peaceful uses of atomic energy. The balance dealt primarily with 
administrative actions or general program activities. During this 
period AEC headquarters distributed copies of more than 300 speeches, 
about 90 percent of which dealt to a large extent with peaceful uses. 

In addition to such textual pblic-information resources, the AEC 
has also made possible for news and other mass-media writers and 
reporters scores of interviews and has conducted many tours for indi- 
viduals and for — The interviews and tours have been a fruitful 
way of issuing public information on peacetime applications since 
they stimulate the interest of writers and reporters in getting informa- 
tion and also to interest scientists and technicians in telling about 
their work. The Commission also has used news conferences in both 
Washington and the field, in order to make available spokesmen to 
answer newsmen’s questions. 

For the purpose of increasing efficiency in and cutting the cost (both 
in terms of dollars and manpower) of servicing requests from writers 
and from the general public, the Commission ins for some years ob- 
tained a limited number of reprints of newspaper and magazine arti- 
cles by writers of clear and accurate sattiiel These reprints usually 
are a product of long hours of cooperative research by the AEC and 
the writer and represent, generally, the best available information at 
the time of writing. Providing such reprints to other writers and to 
the public makes necessary, in fully replying to queries, much less 
repetition of information already covered in the reprint. Such re- 
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prints, to the extent that the AEC feels the cost may be justified, are 
also utilized in meeting requests of teachers and students for informa- 
tion relative to peaceful applications. For purposes of illustration 
and for reference, there are attached to this report as appendix A, 
typical examples of information on peaceful applications in (1) semi- 
annual report special sections and other references, (2) news and/or 
feature dual, (3) speeches, and (4) reprints. 


Educational services 


The informational vacuum in the educational field that obtained 
at the time of the birth of the AEC was soon impressed upon the new 
agency. Almost at once correspondence began to flow to the Com- 
mission from teachers, students, and schoolchildren all seeking ma- 
terial useful to seekers of knowledge about the great new scientific and 
technical achievement, the fissioning of the atom. Their inquiries fol- 
lowed no single pattern but in general they sought fundamental 
knowledge about atomic energy and information about how atomic 
energy might figure in man’s peaceable future, in medicine, agricul- 
ture, and industry. They were interested too in international aspects 
of atomic energy, the United Nations role, the exchange of atomic 
energy information with foreign countries. Many queries came about 
weapons, but far more answers were requested about how cancer 
might yield to atomic energy or help to penetrate the secret of photo- 
synthesis. 

The same general questions are reaching the Commission today from 
individual teachers and students but the frequency of requests for in- 
formation has steadily built up since 1946 and sharply increased 
following the President’s address to the United Nations General As- 
sembly in December 1953. During the most recent 12-month period, 
the AEC’s Educational Services Branch received nearly 6,000 individ- 
ual requests for information, the majority asking for facts on the 
peaceful atom. 

Besides individuals in the educational field, the Commission also 
has attempted to be of useful service to professional educational as- 
sociations, State and local school systems, schools of education and 
colleges and universities in the development of educational programs 
on atomicenergy. A relatively short time after the Commission came 
into being its staff was consulted by the interdivisional committee of 
the United States Office of Education regarding development of in- 
terchange of information on programs and methods used in teaching 
atomic energy in schools and colleges. With the assistance of the AEC 
the Association of Secondary School Principals and the North Cen- 
tral Association of Secondary Schools and Colleges were among pro- 
fessional organizations which early issued guides for organization of 
study within the secondary schools on atomic energy and its implica- 
tions. The Commission has long cooperated in atomic energy infor- 
mation programs and projects of the National University Extension 
Association, the Commission for Adult Education, the American 
Council on Education, and many others. 

At the request of the American Textbook Publishers Institute, the 
AEC in 1948 undertook at Commission expense the preparation of a 
sourcebook on atomic energy. This sourcebook has for many years 
now been an authoritative reference on the basic science and tech- 
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nology of atomic energy for use by authors of textbooks and by edu- 
cators generally to aid in their incorporation into their texts and 
course work such changes as have become necessary to take into ac- 
count the advances of nuclear science and their widespread effects. 

Cooperating with various State and city school systems and schools 
of education throughout the country, the Commission has aided in the 
establishment and conduct of inservice training courses and work- 
shops for teachers and similar teacher-training programs. The AEC 
has given firsthand cooperation in some 100 such programs and it is 
believed that probably as many again have been carried on, drawing 
upon the basic information and guidance given by the Commission. 
In many cases the Commission has assisted not only with information 
but also with speakers, always with the objective of leaving the end- 
product conference to the educators themselves as they have developed 
teaching materials and methods aimed at acquainting teachers with 
classroom responsibilities relative to atomic energy. 

At the adult level of education, the Commission’s principal coopera- 
tion has been with the National University Extension Association, 
comprised of some 70-plus colleges and universities throughout the 
country. The bulk of NUEA’s enterprise with regard to atomic- 
energy education has been devoted to sponsorship of seminars to 
acquaint the working newsmen with the purpose, operation and ac- 
complishments of the atomic-energy program. A series of such sem- 
inars was held in localities in many States in the period 1949-52. 
In addition to the NUEA seminars, the Commission itself held several 
at the request of groups of newsmen in several localities, including one 
in Washington, D. C., to which newsmen gave over several evening 


hours on several ve Another Washington seminar of ambitious 


dimensions on the subject of nuclear power has been projected for late 
1955 and it is hoped that a byproduct will be an educational film that 
ean be made available upon request to groups anywhere in the country 
that are ambitious to get a visual presentation of the atomic power 
reactor program by authoritative speakers. 

Another 1955 development in the area of adult seminar activities 
is another NUEA projection, a so-called industrial seminar designed 
to acquaint businessmen and industrialists of various areas with the 
programs for peaceful exploitation of the atom and their potentials. 

The special interest of many teachers and students in radiosotopes 
resulted in the AEC’s cooperating with several educational organiza- 
tions in setting up teacher-training programs in the use of radioiso- 
topes as teaching tools. From this activity there developed interest 
in several schools in using experiments with radioisotopes in their 
school laboratories. Following an inservice training course on the 
use of radioactive atom in high-school science classrooms offered by 
the New York City Board of Education in cooperation with the AEC, 
a group of teachers who took the course prepared a manual covering 
20 laboratory experiments. This manual, based on actual experi- 
ments performed during a laboratory workshop, was printed as an 
ae publication and offered for sale by the Government Printing 
Office. 


Exhibits and motion-picture activities 


The Commission’s educational services have included the sponsor- 
ship of a program of traveling exhibits on peacetime applications of 
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atomic energy which is conducted for the AEC by the Oak Ridge 
Institute of Nuclear Studies. This program has been carried on 
since 1952 when, in cooperation with the National University Exten- 
sion Associations, an exhibit was sent on a tour of 33 localities in 11 
States where it was Viewed by over 800,000. The NUEA exhibit and 
other AEC traveling exhibits have been carried into more than 50 
localities in 20 States and has been witnessed by more than 1,500,000 
persons. Currently, in addition to the NUEA exhibit, two others of 
similarly large dimensions are available on a daily-rental fee basis, 
plus cost of transportation, to qualified * exhibitors in various parts 
of the country. Also available to those who want graphic presenta- 
tions that can be shown in smaller space and at lower cost, are a 
number of smaller portable exhibits. The Commission is ety 
investigating the feasibility of an expanded traveling-exhibits pro- 
gram, keyed to atoms for peace and civilian application activities. 

In addition to the exhibits activity dencetad above, there have 
been innumerable occasions upon which the AEC has provided ex- 
hibits or cooperated in preparation of exhibit materials presenting 
biological, medical, and industrial applications of atomic energy. 
Viewers of such exhibits are estimated to have been in excess of 15 
million. The Commission at this writing is cooperating in presenta- 
tion in New York City of the technical exhibit which was presented 
at Geneva, Switzerland, by the United States delegation to the Con- 
ference on Peaceful Uses of Atomic Energy. There are in prospect 
additional showings of this exhibit and it ultimately is expected to be 
either permanently placed in a Washington, D .C., or Chicago museum 
or incorporated into AEC traveling exhibit or special educational 
resources. 

Primarily to encourage graphic education and information in the 
field of peaceful uses of atomic energy, the Commission made avail- 
able in June 1952, 100,000 feet of unedited, assembled 35 millimeter 
black and white stock film footage without sound track. The footage 
is distributed at standard Government cost rates through a Govern- 
ment depository in Long Island City, N. Y. It was made during 
1950-51 on the suggestion and with the guidance of educational mo- 
tion-picture producers and educators both in and out of the Gov- 
ernment. 

The material covers unclassified AEC and contractor activities in 
the fields of medical, biological, physical, and agricultural research; 
engineering, radiation chemistry; nuclear reactors, particle accelera- 
tors, radioisotope production and use, radiation-detection instruments, 
health, physics, meteorology, communities, constructions, metallurgy, 
remote-control devices, security, and limited declassified aspects of 
weapons development, and production of fissionable material. Thir- 
teen installations nation-wide, including the national laboratories, 
are represented in the coverage. 

Aware that security and other operational considerations make it 
extremely difficult and often impossible for commercial. and Govern- 
ment units to take their own footage at atomic-energy installations, the 
Commission designed the project to serve educational motion-picture 
and television producers, newsreels, and Government agencies (in- 

®A qualified exhibitor who, in the judgment of the AEC, would show the exhibit 


primarily for purposes of informing the public and not In connection with any commercial 
enterprise and who would. make no charge to the public for the showing itself. 
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cluding AEC’s own contractors who use the material for training and 
orientation). 

Though unedited, the footage has been assembled in sreerenen to 
aid producers in making complete motion pictures, adding their own 
film editing, narration, music, and titles. Almost 600 pages of de- 
tailed script notes have been keyed to the footage, in addition to a 
3,500-card cross-index. 

This film footage has been utilized by 75 producers to make at least 
50 productions which have been seen directly or on television by many 
millions of persons. Newsreel utilization alone has reached a United 
States audience of about 40 million. Attached as appendix B is a list 
of typical educational films, largely made up of AEC stock footage. 
The productions in this list were made by nine different producers. 


TECHNICAL INFORMATION SERVICE 


The many activities and products in the AEC’s technical informa- 
tion area that are felt to have made useful contributions directly or 
indirectly to the information of the general public are described 
below. 


Information for industry 

The Commission early became aware of the possible value to Amer- 
ican industry of inventions and know-how developed within the 
atomic-energy program. Accordingly, there has been made publicly 
available information about equipment, a earn and techniques no 
longer deemed restricted data and of possible usefulness in genera] re- 
search and industry. Such technological information is not so readily 
suited for systematic publication and dissemination as are the labo- 
ratory research results. For this reason, the Commission has spon- 
sored a program for collecting and distributing industrial technolog- 
ical information. 

An ad hoc committee on technological information for industry was 
formed in September 1949. This committee, composed of 12 repre- 
sentatives of professional engineering societies ia industrial publi- 
cations was asked “to test ways and means of providing American in- 
dustry with technological information originating in the atomic ener- 
gy program that is of use to industry generally, the dissemination of 
which will enhance our national security by increasing our industrial 
potential and productivity.” 

After a study of certain phases of the problem, this committee con- 
cluded that the Commission’s declassification procedures were reason- 
ably effective in dealing with the clearance of classified technological 
information and that no huge amount of declassifiable information of 
interest to industry was being held in the AEC files which the com- 
mittee inspected. However, certain specific fields of information of 
probable value were noted and recommended for release. 

In November 1951, the ad hoc advisory committee met with repre- 
sentatives of the AEC and major contractors to consider ways and 
means of further expediting the dissemination of technological in- 
formation on an AEC-wide basis. Beginning early in 1952, the ad- 
visory committee has visited various AEC sites to observe and evaluate 
specific activities in the field of information dissemination to the en- 
gineering societies and the technical press, 
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Engineering education 

Recognizing the problems brought to the field of engineering educa- 
tion by the rise of the atomic-energy industry, the American Society 
for Engineering Education has tried to work out, through a commit- 
tee on atomic energy, a program to incorporate nuclear science data 
in engineering curricula. The AEC has cooperated particularly in 
providing information for the preparation of teaching materials and 
facilitating the flow of such information to the engineering schools. 


Architectural training 


Another profession which has felt the need for atomic-energy infor- 
mation is that of the architects who are being called upon to design 
laboratories and other structures where radioactive materials are 
used. While considerable information in this field is readily declassi- 
fiable, there remained the problem of collecting, organizing, and dis- 
seminating the data. The American Institute of Architects formed 
a committee on architecture in nuclear science, addressed to this task, 
which collected information from all sources. The Commission gave 
its cooperation and support to this committee. The AEC andthe AIA 
sponsored jointly a symposium on radioactivity laboratory design, 
which was conducted in Washington, November 27-29, 1951, by the 
Building Research Advisory Board of the National Research Council. 
Participants in this symposium included men who have played a key 
role in designing AEC facilities, and the attendance of some 300 was 
drawn from a wide cross section of United States design and construc- 
tion experts. The complete proceedings of this conference were is- 
sued by the Building Research Advisory Board. 


Publication of proceedings of conference and symposia 


The conference or symposium is an efficient method of identifying 
unclassified and declassifiable information and placing it before the 
most interested groups in science and industry. This device serves 
both those who take part through the papers and in discussions on and 
off the floor, and a wider audience which may purchase copies of the 
proceedings. Such conferences and symposia (with publication of 
proceedings) have come to constitute a major outlet for AEC-devel- 
oped information. Two types have been employed—those arranged 
by AEC or AEC contractors, and those arranged by scientific and 
engineering societies and organizations. 

The larger AEC laboratories have conducted such conferences and 
have assisted other organizations in sponsoring special conferences. 
Examples of the proceedings which have been published are attached 
as ~ ee C. 

The papers presented on these occasions customarily have appeared 
in the organizations’ journals. A large portion of the papers have 
been presented by scientists doing AEC-supported research or devel- 
opment, and they constitute an important part of the upward of 
10,000 such journal articles from AEC projects. 

In the engineering field the tendency has been toward the develop- 
ment of special symposia, sometimes in connection with annual meet- 
ings, and subsequent publication of the proceedings by the societies 
(and in one case by AEC) as separate volumes. Such symposia and 
subsequent publication of proceedings have been arranged, with coop- 
eration in every instance by the AEC, by the following: 
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The American Society for Engineering Education, the American 
Institute of Architects, and the Building Research Advisory Board 
of the National Research Council, the American Institute of Chemical 
Engineers, the American Society of Mechanical Engineers, and the 
American Society for Metals. 


Depository libraries 

Availability in libraries of the great volume of published material 
described above depends, so far as nongovernmental publications are 
concerned, upon the subscription and purchase programs of individual 
libraries throughout the Nation. However, in order to make sure 
that the Government-published material is available in all sections, 
the AEC has designated 42 libraries, principally in industrial or aca- 
demic centers, as depository libraries. To them go copies of essentially 
all nonclassified documents published by the AEC itself. They re- 
ceive the guides to AEC-developed information described in the 
following section. They maintain collections of published materials 
from other sources. Together with the documents that AEC supplies, 
their collections afford a comprehensive selection of existing non- 
classified information on atomic energy. Each library, before 
designation as an AEC depository, agrees to provide reference and 
publication services to requestors. 

The AEC information-for-industry program recognized the com- 
munications problems inherent in atomic energy work and seeks to 
stimulate and encourage engineering and development personnel in 
the atomic energy program to write, for the literature, valuable data 
on techniques and “know-how” and to assist the technical press in its 
customary role of locating and evaluating potentially publishable 
material of this kind. 

To facilitate the publication of information of interest to industry, 
editors of business and technical publications are encouraged to main- 
tain regular contact with AEC installations; and special introductory 
tours of unclassified technical facilities have been arranged for this 
segment of the press. 

Close liaison has been maintained with the Office of Technical Serv- 
ices of Commerce Department to bring significant atomic energy 
program developments to the attention of the industrial audience 
reached by OTS publications. 


Current civilian application (access permit) informational activities 

Passage of the Atomic Energy Act of 1954 stimulated industry’s 
already considerable interest in the possibilities of the atom for 
peaceful purposes. Before enactment of the 1954 amendments, the 
Commission’s information-for-industry programs were necessarily 
limited to unclassified areas. While these information programs con- 
tributed to scientific and industrial progress in many fields, they did 
not provide, because of classification problems, the technical infor- 
mation essential to the sustained growth of a normal, competitive 
atomic energy industry. To this end, the Commission, under the 
authortiy granted by the new act, will operate two information-for- 
industry programs—one unclassified and another classified. 

As in the past, the AEC will continue, wherever possible, to dis- 
seminate program-developed unclassified information through regu- 
lar channels of communication. To assist in this function, the Com- 
mission has enlisted the advice and support of outstanding members 
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of the industrial press and professional engineering societies. These 
men serve without compensation on the Advisory Committee on In- 
dustrial Information. 

To assure availability of AEC published reports covering technical 
data of particular usefulness to persons participating in the civilian 
application program, about 950 AEC reports have been selected from 
the Technical Information Services master file, printed in full-size 
copy, and placed on sale at the Office of Technical Services, United 
States Department of Commerce, Washington 25, D. C. These bring 
the total of AEC reports on sale at OTS to approximately 2,000. 
New reports will be added as published. 

In addition to reports on sale, full collections of unclassified AEC 
reports are maintained at AEC industrial information depositories. 
These are: The Atomic Industrial Forum in New York; Stanford 
Research Institute in Stanford, Calif.; John Crerar Library in Chi- 
cago; and Georgia Institute of Technology in Atlanta. Each of these 
depositories is making available to industry, at charges normally as- 
sessed for such services, reference and photocopy service of all AEC 
unclassified research and development reports as well as unclassified 
mechanical drawings of AEC-developed equipment. 

American business firms or industries may want eventually to con- 
duct a self-evaluation to determine their role in the development of 
the new atomic energy industry. To assist such analyses the AEC 
has inaugurated a program for dissemination of classified informa- 
tion under the civilian applications program. 

Some 16,000 existing AEC classified reports will eventually be made 
available under this program. About 3,000 of the most useful of 
these reports will be printed in full-size copy; the remainder will be 
available as microcards or photostats. 

In addition to the report literature, special manuals evaluating and 
summarizing broad technical subject areas are being prepared and 
will be made widely available. 

To effect necessary accounting and security controls and to assure 
that persons holding access permits or licenses have equal oppor- 
tunity to learn about, to obtain, and to evaluate Commission-developed 
classified technical information, all distribution of classified reports, 
drawings, or other documents will be made by or through the Tech- 
nical Information Service. 


In addition to the classified reports, handbooks, bibliographies, and 
periodicals to be made available under the classified program, the 
Commission will conduct periodic classified information briefings for 
access permit holders. 


APPENDIX A 
1. SEMIANNUAL REPORT SPECIAL SECTIONS 


. Fourth Semiannua!l Report, July 1948. 

. Sixth Semiannual! Report, July 1949. 

. Eighth Semiannua! Report, July 1950. 

. Eleventh Semiannua! Report, January 1952. 
. Fifteenth Semiannual Report, January 1954. 


2. NEWS RELEASES 


1. No. 713, October 17, 1955: Second Group of Doctors From Abroad Begin 
Five-Week Tour of U. 8S. Atomic Medical Facilities. 
2. No. 709, October 11, 1955: U. 8. Geneva Exhibit to be Shown in New York. 
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3. No. 708, October 10, 1955: Second Radioisotope Course for Foreign Students 
to Open October 17. 

4. No. 687, August 80, 1955: AEC to Discontinue Distribution Program of 
Cyclotron-Produced Radioisotopes. 

5. No. 664, July 17, 1955: AEC Issues Reactor License to Penn State. 

6. No. 659, July 12, 1955: Construction of Medical Reactor at UCLA is 
Authorized. 

7. No. 650, June 20, 1955: Doctors From 12 Nations Will Tour U. S. Atomic 
Medical Facilities, 

8. No. 627, April 21, 1955: New Radioisotopes Policy Announced by AEC. 

9. No. 583, December 6, 1954: Special Session of Radioisotope Technique Course 
to be Opened to Foreign Scientists. 

10. No. 556, August 6, 1954: Radioisotope Distribution Regulations Revised 
to Include Production in Private Reactors. 

11. No. 509, December 7, 1953: AEC Invites Private Industry to Invest in 
New Power Project. 

12. No. 489. July 18, 1953: Public Utilities Commissioners to Make Survey 
of Atomic Power Development. 

13. SP-28, June 10, 1952: AEC Makes Available Stock Motion Picture Film 
Footage. 

14. No. 430, June 4, 1952: AEC Will Charge 20 Percent of Production Cost 
for Radioisotopes Used in Cancer Studies. 

15. No. 407, December 29, 1951: Experiment in Generating Power Successful. 

16. No. 341, January 28, 1951: Commission Statement on Means of Widening 
Industrial Participation in Atomic Energy Development. 

17. No. 329, December 17, 1950: Rochester Isotope Center to Distribute Radio- 
isotopes for Medical Treatment. 

18. No. 325, December 5, 1950: Oak Ridge Institute of Nuclear Studies to 
Administer AEC Fellowship Programs for 1951-52 Academic Year. 

19. No. 292, June 25, 1950: Fellowship Program in Industrial Medicine Estab- 
lished by the Atomic Energy Commission. 

20. No. 268, March 14, 1950: Oak Ridge Cancer Research Patients to be 
Selected by 20 Participating Southern Medical Schools. 

21. No. 240, December 28, 1949: Agricultural Research with Radiophosphorus 
in 1949. 

22. November 28, 1949: Progress in Radioisotopes Program. 

23. No. 153, January 28, 1949: Experiments with Radioactive Piston Rings 
Hold Promise of Benefits to Motorists. 


8. SPEECHES 
Lewis L. Strauss: 


September 28, 1955: Remarks before Atomic Industrial Forum and American 
Nuclear Society, Washington, D. C. 
June 24, 1955: Remarks before Overseas Press Club, New York, N. Y. 
April 19, 1954: Remarks before Los Angeles World Affairs Council, Los 
Angeles, Calif. 
September 30, 1953: Remarks before National Security Industrial Associa- 
tion, New York, N. Y. 
Dr. Willard F. Libby: 
June 21, 1955: Remarks delivered at Marquette University, Madison, Wis. 
October 14, 1954: Remarks before National Industrial Conference Board, 
8d Annual Conference, New York, N. Y. 
Charles G. Manly: 


April 4, 1955: Remarks delivered before Atomic Industrial Forum and Stan- 
ford Research Institute, San Francisco, Calif. 


Dr. John C. Bugher: 

March 23, 1955: Remarks before National Health Council, New York, N. Y. 
W. K. Davis: 

April 1, 1955: Remarks before American Power Conference, Chicago, Ill. 
Dr, L. R, Hafstad: 


July 21, 1954: Remarks before Missouri Basin Interagency Committee, Rapid 
City, S. Dak. 

September 16, 1954: Remarks before Congress of Industrial Chemistry, Brus- 
sels, Belgium. 
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Dr. George G. Manov: 
September 29, 1954: Remarks before American Petroleum Institute, White 
Sulphur Springs, W. Va. 
September 23, 1954: Remarks before 7th Industrial Health Conference, 
Houston, Tex. 


Joseph Campbell: 
July 21, 1954: Remarks delivered at Rutgers University, New Brunswick, 
N. J. 
Dr. Henry D. Smyth: 
June 3, 1954: Remarks delivered at Rutgers University, New Brunswick, N. J. 
April 23, 1954: Remarks delivered at 3d Annual Conference of Business 
Economists, University of Chicago, Chicago, Il. 
March 9, 1954: Remarks before American Institute of Chemical Engineers, 
Washington, D. C. 
Gordon Dean: 
June 4, 1953: Remarks delivered at 21st Annual Meeting of Edison Electric 
Institute, Atlantic City, N. J. 
January 11, 1950: Remarks delivered at New York University, New York. 
Dr. Paul C. Aebersold: 
October 26, 1950: Remarks before the Society for Nondestructive Testing, 
Chicago, Ill. 
Sumner T. Pike: 
March 28, 1950: Remarks delivered at Mount Holyoke College, South Hadley, 
Mass. 
4, REPRINTS 


Chemical & Engineering News, September 15, 1952: Interview with Dr. L. R. 
Hafstad. 

Nucleonics, September 1952: Article by Dr. W. H. Zinn. 

Business Week, March 14, 1953: Useful Power From the Atom. 

Business Week, July 23, 1955: “Hot Stuff’: Big Hurdle for Atom Power. 

American Engineer, 1953: Article by Thomas E. Murray. 

U. 8. News & World Report, May 8, 1953: Industry Gets Set for the Atom. 

Fortune, June 1953: Nuclear Reactors: Three Kinds and Three Costs. 

Saturday Evening Post, 1953: Harold Martin articles on the AEC, 

National Geographic, January 1954: Man’s New Servant, the Friendly Atom. 

NEA Service, April 1954: Series of articles by Peter Edson. 

Scientific American, December 1954: Power Reactors, by Alvin M. Weinberg. 

Dun’s Review and Modern Industry, January 1955: Fitting Your Product to the 
Atomic Age, by Annesta R. Gardner. 

The Oil Forum, November 1954: Radioisotopes: Petroleum’s Newest Assistant, 
by Joseph Campbell. 

Des Moines Register, 1947: You Can Understand the Atom. 

Parade, May 1952: Today: Atoms Work for You. 

Parade, January 1954: How Doctors Use an Atomic Blast To Help You Live. 


APPENDIx B 


Following is a list of typical educational films made up largely of AKC stock 
footage. They represent the work of nine different producers: 
Atom and You Medicine: Atoms for Peace 
Atoms for Peace Industry, Agriculture and Power 
Engineering for Radioisotopes Atomic Age Farmer 
Atom and Agriculture The Atomic Apothecary 
Atom and Biological Sciences On the Horizon 
Atomic Energy Can Be a Blessing Atom Smashers 
Power Unlimited Atom and the Doctor 
Atomic Metallurgy Eternal Cycle 
Atomic Research: Areas and Develop- Atomic Greenhouse 
ment Tagging the Atom 
Introducing the Atom 
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APPENDIX C 


EXAMPLES OF PUBLISHED PROCEEDINGS OF CONFERENCES AND SYMPOSIA IN WHICH 
THE AEC anpD/og AEC ConTRAcTORS HAVE COOPERATED 


(a) Health Physics Insurance Seminar, by K. Z. Morgan (and others): Health 
Physics Seminar for Insurance Company Representatives, February 6-10, 1950. 
Sponsored by Brookhaven National Laboratory and United States Atomic Energy 
Commission. (TID-388.) Oak Ridge, Tenn., Technical Information Service, 
United States Atomic Energy Commission, 1951. 161 p. Available from O‘lice 
of Technical Services, Department of Commerce, Washington 25, D. C. $0.50. 

(b) The Role of Engineering in Nuclear Energy Development: Proceedings of 
the Third Annual Oak Ridge Summer Symposium, August 27-September 7, 1951. 
Compiled by N. F. Lansing. Presented by Oak Ridge National Laboratory and 
Oak Ridge Institute of Nuclear Studies; sponsored by American Society for 
Engineering Education. (TID-5031.) Oak Ridge, Tenn., Technical Information 
Service, United States Atomic Energy Commission, 1951. 509 p. Available from 
Office of Technical Services, Department of Commerce, Washington 25, D. C. 
$1.40. 

(c) A Conference of the Use of Isotopes in Plant and Animal Research: Kan- 
sas State College, June 12, 13, and 14, 1953. Sponsored by Kansas State College, 
Argonne National Laboratory, Isotope Division, USAEC. (TID-5098; Rept. No. 
4, Agricultural Experiment Station, Kansas State College.) Washington, United 
States Atomic Energy Commission, 1953. 272 p. For sale by Government Print- 
ing Office, Washington 25, D. C. $1.25. 

(ad) The Role of Atomic Energy in Agricultural Research: Proceedings of the 
Fourth Annual Oak Ridge Summer Symposium, August 25-30, 1952. Compiled 
by C. L. Comar and S. L. Hood. Presented by Oak Ridge National Laboratory 
and Oak Ridge Institute of Nuclear Studies; sponsored by University of Tennes- 
see-Atomic Energy Commission Agricultural Research Program. (TID-5115.) 
Oak Ridge, Tenn., Technical Information Service, United States Atomic Energy 
Commission, 1953. 483 p. Available from Office of Technical Services, Depart- 
ment of Commerce, Washington 25, D. C. $3.10. 

(e) Conference on Use of Tracers in Organic Reaction Mechanism Studies: 
Brookhaven National Laboratory, Chemistry Conference No. 4, January 19-20, 
1950. (BNL-44.) Oak Ridge, Tenn., Technical Information Division, United 
States Atomic Energy Commission, 1950. 131 p. Available from Office of Tech- 
nical Services, Department of Commerce, Washington 25, D. C. $0.50. 

(f) Discussion on the Present Status of Radiation Genetics: Given at infor- 
mation meeting for biology and medicine of the Atomic Energy Commission, 
March 26-27, 1948. Sponsored by the Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. Journal of Cellular and Comparative Physiology 
35, Supplement 1, June 1950. 210 p. 

(g) Symposium on Radiation Microbiology and Biochemistry: Sponsored by 
the Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn., April 
11, 12, 1949. Journal of Cellular and Comparative Physiology 39, Supplement 1, 
March 1952. 129 p. 

(h) Symposium on Physiological Effects of Radiation at the Cellular Level: 
Given at Research Conference for Biology and Medicine of the Atomic Energy 
Commission. April 12, 13, 1951. Sponsored by the Biology Division, Oak Ridge 
National Leboratory, Oak Ridge, Tenn. Journal of Cellular and Comparative 
Physiology 39, Supplement 2, July 1952. 233 p. 

(1) Symposium on Radioactive Isotopes: Journal of Clinical Investigation 28, 
1247-1385 (November 1949, pt. 1). Edited by Dr. John Z. Bowers, Deputy Di- 
rector, Division of Biology and Medicine; planned by the Atomic Energy 
Commission. 

(j) Conference on Radiation Cataracts and Neutron Effects: Proceedings. 
National Academy of Sciences Building, Washington, D. C., February 17, 1950. 
Under the auspices of the National Research Council, Division of Medical 
Sciences, for the United States Atomic Energy Commission. Washington, D. C., 
National Research Council, 1950. 96 p. 

(k) Second Conference on Radiation Cataracts: Abstracts of Papers. National 
Academy of Sciences Building, Washington, D. C., December 8, 1950. Under the 
auspices of the National Research Council, Division of Medical Sciences, for 
the United States Atomic Energy Commission. Washington, D. C., National 
Research Council, 1950. 30 p. 
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(1) Third Conference on Radiation Cataracts: Abstracts and Proceedings. Na- 
tional Academy of Science Building, Washington, D. C., January 28, 1952. Under 
the auspices of the National Research Council, Division of Medical Sciences, for 
the United States Atomic Energy Commission. Washington, D. C., National 
Research Council, 1952. 53 p. 

(m) Fourth Conference on Radiation Cataracts: Abstracts and Proceedings, 
National Academy of Science Building, Washington, D. C., February 28, 1952. 
Under the auspices of the National Research Council, Division of Medical 
Sciences, for the United States Atomic Energy Commission. Washington, D. C., 
National Research Council, 1953. 118 p. 

(n) Laboratory Design for Handling Radioactive Materials: Research Corre- 
lation Conference, November 27-28, 1951. Sponsored by the American Institute 
of Architects and the United States Atomic Energy Commission. Washington, 
D. C., Building Research Advisory Board, National Research Council, 1952. 
140 p. $4.50. 

At nearly every annual and many regional meetings of professional organiza- 
tions which have developed particular interests in atomic energy, special program 
sections or Symposia have been arranged on this subject in the past years. Some 
examples are: 

(a) American Society for Metals, Eighth Western Metal Congress and Exposi- 
tion, Los Angeles, March 23-27, 1953. Symposium on Zirconium and Zirconium 
Alloys. 

(b) American Association for the Advancement of Science, 119th Annual 
Meeting, St. Louis, December 26-31, 1952. Symposium on Nuclear Science In- 
dustry, cosponsored with Oak Ridge Institute of Nuclear Studies, December 29. 

(c) American Association for the Advancement of Science, 118th Annual Meet- 
ing, Philadelphia, December 26-31, 1951. Symposium on Nuclear Engineering, 
December 28. 

(ad) Case Institute of Technology, Conference on Radioisotopes in Industry, 
Cleveland, April 2-6, 1951. 

(e) New York University, Conference on Industrial and Safety Problems of 
Nuclear Technology, New York, January 10-12, 1950. 

(f) Institute of Radio Engineers, National Convention, New York, March 
6-9, 1950. Symposium on Nuclear Science and the Radio Engineer, March 6. 

(g) The American Society for Experimental Pathology, 34th Annual Meeting, 
Detroit, Mich., April 19-22, 1949, Symposium on Atomic Energy, April 20. 

(hk) National Association of Manufacturers; 57th Congress of American In- 
dustry, December 5, 1952, New York. Special Panel Discussion on Industrial Re- 
search and the Atomic Future; 58th Congress of American Industry, December 4, 
1953, New York. Special Panel Discussion on Atomic Energy and the Indus- 
trial Future. 

(4) American Society for Engineering Education, Mid-Atlantic Section Meeting, 
Rutgers University, New Brunswick, N. J., May 12, 1951, Conference on Engineer- 
ing in Atomic Energy. 

(j) University of Wisconsin, Department of Engineering, Nuclear Technology 
Institute, Madison, Wis., May 12-14, 1953. 


CoNFERENCES ON ATomiIc ENERGY SPONSORED BY ORGANIZATIONS FOR 
INDUSTRY 


Prepared by Atomic Industrial Forum 
October 17, 1955 


The first meeting of industry representatives at which atomic energy 
was discussed was sponsored by the National Industrial Conference 
Board in New York City in October 1952. The conference board has 
held meetings each October since, on atomic energy in industry, usu- 
ally of 2 or 3 days’ duration, with registration increasing to over the 
thousand mark. The meetings are divided into roundtables with an 
average of five participants to each, and speakers are from industry, 
labor, government, and education, as well as from abroad. 
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In addition, in April of this year the conference board established 
1-week lecture-discussion-demonstration courses for business execu- 
tives; about 80 executives signed up for the course. This course has 
been repeated three times and additional sessions are planned. 

From time to time the American Management Associations has had, 
in connection with its general management and manufacturing meet- 
ings, speakers on the impact of atomic energy relating to management. 

The National Association of Manufacturers in December 1953 and 
December 1954 held symposia on The Industrial Future of Atomic 
Energy and on Industry and Energy. About 500 people attended 
each symposium. 

The daily newspaper, New York Herald Tribune, for its annual 
forum, in 1954 held a session on The Atom’s Promise, in which AEC 
Chairman Lewis L. Strauss, Detroit Edison President Walker Cisler, 
and former Air Force Secretary Thomas K. Finletter participated. 

The 1955 forum scheduled two sessions. The first Atomic Energy 
for Peaceful Use, had as participants scientists Homi J. Blabha, of 
India; Clarence E. Larson, Willard F. Libby, Shields Warren, Victor 
Weisskopf, and Walter G. Whitman, from the United States; and 
V.S. Emelyanov, from the U. 8. S. R. The second session, Political 
Problems Raised by Worldwide Atomic Power Development, had as 
participants Anthony Nutting, of Great Britain; Thomas K. Finlet- 
ter, John J. McCloy, and Harold Stassen, of the United States; and 
Arkady A. Sobolev, of the U.S.S. R. U.N. Secretary-General Dag 
Hammarskjold presented an opening address. 

The Atomic Industrial Forum held its first meeting in November 
1953, a short time after its incorporation, on The Meaning of the Con- 
gressional Hearings on Atomic Energy—a panel discussion made up 
of seven men representing the views of the government, industry, re- 
search, and the legal profession. 

In March 1954 the forum sponsored a 2-day meeting in New York 
City on Business Opportunities in Atomic Energy. Nearly 400 people 
attended 7 panel discussions which covered current and potential uses 
of atomic energy in industry and research, government, and consulting 
services available to the businessman. 

Two months later, in May 1954, over 400 people attended a Wash- 
ington, D. C., conference on Nuclear Reactor Development. The 1- 
day meeting covered discussions of the AEC’s 5-year reactor develop- 
ment program and industry’s progress in private reactor development. 

Less than a month after Presidential signature of the Atomic 
Energy Act of 1954, the forum held a 2-day September meeting in 
New York City on the New Atomic Energy Law. -What It Means to 
Industry. Over 500 people heard legal interpretations of the act, in- 
dustry’s plans under the act, Government’s anticipated regulations im- 
plementing the act, and the new insurance and labor problems dis- 
cussed at the 5-session meeting. 

On October 20, 1954, over 500 attended a regional meeting held 
jointly with the New England Council in Boston, Mass. Three con- 
current sessions in the morning and three in the afternoon on applica- 
tions of atomic energy in industry, agriculture, and research were held. 

A 4-day Inter American Investment Conference, sponsored by the 
city of New Orleans and Time-Life International, contained a panel 
discussion on the Atomic Horizon in Latin America, which the forum 
helped to organize, February 28-March 38, 1955. 
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Another joint regional meeting, this time in cooperation with Stan- 
ford Research Institute, was held in San Francisco April 4 and 5, 
1955, on Atomic Energy—the New Industrial Frontier. Applications 
of atomic energy in food, agriculture, the oil industry; special reactor 
uses ; private reactor development; related industries; and problems of 
education, insurance, finance, labor, and engineering in the atomic age 
were discussed at the 7-session conference which over 500 people 
attended. 

Atomic Energy—A Realistic Appraisal was an industrial evalua- 
tion of the forum report, A Growth Survey of the Atomic Industry. 
Held May 23-24, 1955, in New York for forum members and their 
guests only, the 4-session conference was attended by 400 people. 

The forum’s largest undertaking was held in Washington, D. C., in 
September 1955. In the 5 days of its duration, over 7,500 people from 
the United States and 41 foreign countries saw 79 exhibits which com- 
prised the first Trade Fair of the Atomic Industry. At the same time, 
a 3-day conference on Commercial and International Developments in 
Atomic Energy was attended by over 1,100 people. Concurrent morn- 
ing sessions and concurrent afternoon sessions (totaling 14 all to- 
gether) covered all phases of nuclear development to date. Inter- 
national panels on the third day were held with the cooperation of the 
American Nuclear Society. 

In August of 1955, the atoms-for-peace tidal wave reached its crest 
with the 13-day United Nations International Conference on Peaceful 
Uses of Atomic Energy at Geneva. Approximately 3,000 official rep- 
resentatives (from over 72 countries) and observers (from nearly all 
countries of the world) saw atomic-energy exhibits sponsored by na- 
tions as well as by industry the world over, and heard or saw 460 
papers listed on the conference agenda. 

Almost if not all of the engineering and other learned societies have 
included atomic-energy discussions 1n their annual and other meet- 
ings. These meetings have covered a wide range of technical aspects. 

Reflecting the interest of the technical societies in this subject, the 
Engineers Joint Council has arranged for a nuclear energy conference 
in Cleveland in mid-December. More than a score of organizations 
are cosponsoring this meeting, and a large attendance is eapected for 
the week-long meetings. Most of the sessions will be on technical sub- 
jects, although the forum has the responsibility for giving several 
papers on economic, legal, administrative, and other management- 
related subjects. 

Reflecting the growth of this industry, a group of scientists and 
engineers recently formed the American Nuclear Society. This or- 
ganization has about 800 members and has held two meetings. Its 
first, in June of this year, was held at Pennsylvania State University 
and was attended by about 400. The second was held in Washington 
in September; again the registration was about 400. 





BACKGROUND MATERIAL FOR CHAPTER 14 
HAZARDS AND INSURANCE 
CoMMUNICATION From Panet to Atromico ENnErcy Commission 


July 21, 1955 
* * * * * * * 


It would be very helpful if we could have a paper prepared on the 
subject of health and safety in the peacetime use of atomic energy. 
This paper would be in the nature of an orientation presentation, 
placing in proper perspective the principal and peculiar problems 
stemming from the use of radioactive materials on all scales from 
tracers to powerplants. 
* . * > * “ « 


CoMMUNICATION From Atomic Enrercy ComMMISSION 


October 10, 1955 


I am pleased to forward the attached i Summary of Some 


Physical and Biological Relationships Involved in the Protection of 
Personnel against Excessive Exposure to Radiation. It was prepared 
by the Division of Biology and Medicine for use by the aaa in their 
study on the impact of peaceful uses of atomic energy. 


SUMMARY OF SOME PHYSICAL AND BIOLOGICAL RELATIONSHIPS INVOLVED 
IN THE PROTECTION OF PERSONNEL AGAINST EXCESSIVE EXPOSURE TO 
RADIATION 


In a comprehensive study of the impact of nuclear energy upon 
society our interest in factors associated with the protection of health 
against excessive exposure to radiation arises from two considerations: 

(1) The phenomena referred to as radiation are inseparable from 
the processes which make nuclear energy useful to man, and 

(2) The absorption of radiation by man results in deleterious effects 
ranging from undetectable damage to individual cells to death of the 


individual. 

1The probability of a particular degree of injury to any individual will depend upon 
several factors, including quantities of radiation absorbed, time rate of absorption, rela- 
tive quantities absorbed by various parts of the body; and, possibly, relative radiosensitivity 
of the individual. 

In addition to effects incurred only by the person frradiated, increases in the normal 
rate of genetic mutations in any population group, resulting from irradiation of members 
of the group, will depend upen the average absorption of radiation by the gonads of members 
of the group from birth to generation. 

579 
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The following discussion attempts to outline the fundamental 
physical and biological relationships involved, and to indicate types 
of radiological health and safety problems involved in the large-scale 
use of nuclear energy. 


General characteristics of radiation injury 

The observable effects of excessive exposure to radiation vary widely, 
depending upon the circumstances involved and, to some degree, upon 
individual susceptibility. Pertinent factors include the magnitude 
and time distribution of the radiation dose, the geometrical] distribu- 
tion of the dose in the body, type of radiation, and the age of the in- 
dividual or the age range through which the exposure occurs. Experi- 
ence during the past 60 years indicates that frequent or more or less 
continuous exposure of adults to radiation at average rates more than 
100 times as great as those resulting from the natural occurrence of 
radiation may be incurred for periods of many years without observ- 
able subsequent effects on health. However, chronic exposure to 
radiation at average rates several thousands of times as great as those 
due to the occurrence of radiation in nature may result in serious 
injury if continued over sufficiently long periods of time. Possible 
results of excessive chronic exposure are (1) leukopenia, (2) anemia, 
(3) detrimental changes in tissue structure, (4) leukemia, (5) malig- 
nant tumors, (6) cataracts, and (7) increases in the average rate of 
genetic mutation. Observations on small animals suggest also the 
possibility of some reduction in life expectancy without the occur- 
rence of one of these conditions. 

Acute exposure of the whole body to penetrating radiation will not 
only result in latent injury contributing to the probability of later 
development of one or more of the effects enumerated above but, if 
sufficiently severe, will result in early nausea and vomiting, decrease 
in the formed element content of the blood, epilation, loss of appetite 
and general malaise, diarrhea, and emaciation. The period of time 
which may elapse before initial clinical symptoms develop may vary 
from 1 or 2 hours for nausea in the case of very high exposure to 2 or 3 
weeks for epilation in the case of more moderate exposure. 

Acute exposure of limited portions of the body may, depending upon 
the severity of the exposure and the portion of the body exposed, pro- 
duce also local effects including erythema, desquamation, ulceration, 
and temporary or permanent sterility. 

General characteristics of ionizing radiations 

The types of radiation injury discussed above result from those 
kinds of radiation which have sufficient energy in a single unit to ion- 
ize atoms with which they interact. These are frequently designated 
“ionizing radiations” to distinguish them from other radiations such 
as visible, ultraviolet and infrared light, radio waves, and so forth. 

Ionizing radiations may be released from the nuclei of the atoms 
as the result of either fission or radioactive disintegration, or they 
may be produced by use of high voltage accelerators such as X-ray 
machines, cyclotrons, betatrons, and so forth. In each case, a funda- 
mental characteristic of the radiation is that it consists of individual 
units or packets of energy, each carried by either a fast moving par- 
ticle or by an electromagnetic quantum. 

A particle emitted by an atom carries energy produced by changes 
within the atom in much the same way that a bullet fired from a gun 
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carries energy generated within the cartridge. The quantity of energy 
iven to a subatomic particle or to the bullet, together with its mass, 
Seleseelaae the velocity with which it is emitted. 

The emitted particles of most common interest in connection with 
protection against radiation are designated alpha particles, beta par- 
ticles, and neutrons. 

A beta particle at rest is identical with an electron, the elemental 
unit of negative electricity, and has a mass about one two-thousandth 
that of the lightest atom, iclenaten 

The alpha particle carries a positive electric charge, 2 times as large 
as the negative charge carried by the beta particle; and has a mass 
about 7,500 times that of the beta particle. 

By virtue of their electric charges, alpha and beta particles moving 
through any kind of matter exert electrical forces which result in the 
ionization of a small fraction of the atoms or molecules along their 
paths. In this manner, the kinetic energy originally possessed by the 
particles is transferred to the material. The maximum depth to which 
a charged particle can penetrate a material depends upon its initial 
energy anil upon the rate of loss of energy by ionization along its 

ath. 

" The probability of a moving electric charge removing a nearby 
electron from the atom or molecule with which it is associated depends 
upon the velocity with which the charge is moving. Both alpha and 
beta particles reach optimum velocities for ionization near the ends 
of their paths. However, because of their much greater masses, alpha 
particles have much lower velocities than beta particles of the same 
energy. Asa result, on the average alpha particles produce hundreds 
of times as many ions along their paths as do beta particles. Because 
of this rapid loss of energy, alpha particles can penetrate matter only 
to small depths, depending upon the density of the material. For 
example, the ranges of alpha particles in air are of the order of 2 or 3 
inches, while in material of the density of human tissue, they are of 
the orders of a couple of thousandths of an inch. 

Depending upon their energies, individual beta particles emitted 
by radioactive materials may penetrate body tissues to depths ranging 
from very small values to more than an inch. However, the distribu- 
tion of energies in beta particles emitted by any radioactive material is 
such that most of the particles lose their energy comparatively near 
the incident surface. ; 

Neutrons carry no electrical charges and hence a neutron may travel 
comparatively long distances? through matter before interaction. 
Eventually, however, it collides with the nucleus of an atom with the 
result that it transfers to the nucleus sufficient energy to project it 
through the material as an ionizing particle. By successive collisions, 
the velocity of the neutron is reduced to a range in which it can be cap- 
tured by one of the atoms with which it collides. The usual result of 
such a capture is the emission, with relatively high energy, of a 
charged particle or of a quantum of gamma radiation. i 

The gamma quantum differs from the particles discussed above in 
that it always moves in empty space with the speed of light and has 


7A long distance, as used here, may be several thousandths of an inch or many feet. 


The seneanen is long compared to that which a charged particle moves between ionizing 
events. 





582 PEACEFUL USES OF ATOMIC ENERGY 


no separate existence except when it is transferring energy from one 
atom to another. Like the neutron, it carries no electric charge and 
hence may travel comparatively long distances through matter before 
collision. Eventually it collides with an electron, transferring suf- 
ficient energy to project the electron as an ionizing particle. Such 
an electron 1s, in all respects, identical with a beta particle. 

Because of the fundamental difference in the mechanisms’ by which 
charged and uncharged particles produce ionization, alpha and beta 
particles of particular energies have definite maximum ranges in any 
particular material, while neutrons and gamma quanta do not.® 

The average rates at which beams of neutrons or gamma quanta 
lose energy in passing through materials depends upon the energies 
of the individual neutrons or quanta. If the individual energies are 
low, such a beam incident upon the human body will lose most of its 
energy near the surface, while the loss from a beam in which in- 
dividual energies are high will be more uniformly distributed through 
the body. Since the injurious effects of ionizing radiations increase 
with increases in absorption of energy, radiation injuries from low 
energy neutron or gamma radiation originating outside the body are 
largely confined to surface tissues, while high energy gamma rays may 
injure tissues throughout the body. 

For similar reasons, injuries from beta radiations originating out- 
side the body are largely confined to the skin and tissues: near the sur- 
face, while most of the ene ‘gy of alpha particles is absorbed by the 
insensitive outer layers of the skin with no biological effects. 


Radioactivity and radioactive materials 


Many kinds of atoms appear to be absolutely stable; other kinds 
appear to possess inherent degrees of instability such that any one 
atom of a kind has a definite probability of undergoing a spontaneous 
change in its nuclear composition in a given period of time. Such a 
change is generally* accomplished by the emission of an alpha 
particle or a beta particle from the nucleus, and is frequently accom- 
panied by the emission of one or more gamma quanta. Atoms pos- 
sessing this property of spontaneous nuclear change are said to be 

radioact ive, and the change which the atom undergoes is called radio- 

active disintegration. Decreases in radioactivity of a given material 
resulting from radioactive disintegration of its atoms is frequently 
called radioactive decay. 

As a result of radioactivity involving the emission of a particle 
carrying an electric charge, the chemical properties of the atom are 
changed. For example, an atom of radioactive carbon (carbon 14, 


8It is impossible to interpose in a beam of neutron or gamma radiation a wall of 
material sufficiently thick that none of the radiation will emerge from the opposite side. 
If a layer of the material is sufficiently thick that just half of the incident neutrons or 
quanta will pass through it without collision, half of the emerging beam would pass 
through another layer of the same thickness without collision, ete. Since those neutrons 
or quanta which have undergone one or more collisions have greater probability of collision 
than before, it is possible by making the wall sufficiently thick to reduce the number passing 
through it to as small a value as may be desired. 

Thicknesses of shields required for radiation safety depend upon intensities of incident 
radiation (i. e., numbers of neutrons or quanta incident upon the shield), particle or 
quantum energies, materials of construction, and the intensity of emergent radiation 
which can be tolerated. In nuclear reactors and chemical processing plants, thicknesses 
of material equivalent to many feet of concrete are required to reduce radiation to levels 
acceptable for more or less continuous exposure of personnel. 

4 Other modes of disintegration are not discussed here. 
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frequently written C**) in disintegrating emits a beta particle to be- 
come a stable atom of nitrogen (N™, not radioactive). 

Radioactive disintegration also changes the physical properties of 
the atom. In the case of disintegration of radiocarbon mentioned 
above, the nucleus becomes stable. In other cases, the resultant atom 
may be unstable (radioactive), but the degree of instability is changed. 
For example, an atom of radium 226 in disintegration emits an alpha 
particle to become an atom of radom 222. Radon 222 is much more 
unstable than radium 226. 

As a consequence of the properties of nuclear instability as dis- 
cussed above, if one has a very large number of unstable atoms of a 
particular kind, the fraction of these which will disintegrate in a 
given period of time is a constant characteristic of the kind of atom 
and independent of the number of atoms or of any other physical 
conditions (e. g., age of atoms, temperature, pressure, chemical state, 
etc.). This fraction is a measure of the instability of the particular 
kind of atom. In the case of radon 222, mentioned in the above 
example, the fraction of a large number of atoms disintegrating in an 
hour is about 0.0075, while in the case of radium 226 the fraction dis- 
integrating is only about 0.00000005. 

A more common measure of the degree of instability is the length 
of time required for any large number of atoms to decay to one half 
that number. This time is called the radioactive half-life of the kind 
ofatom. Returning to the above example, the radioactive half-life of 
radon 222 is 3.8 days, while that of radium 226 is 1,600 years. Radio- 
active half-lives of interest in the field of nuclear energy vary from 
fractions of a second to millions of years. 


Quantities of radioactive materials 

Since our primary interest in most radioactive materials stems en- 
tirely from their radioactive properties, it is natural to describe quan- 
tities of such materials in terms of their activity rather than in terms 
of mass or volume. By custom, radioactivity has come to be measured 
in units equal to the rate of disintegration of 1 gram of radium, 37 
billion atoms per second. This unit of radioactivity is called the 
curie. Quantities of radioactivity of interest range from millions of 
curies (megacuries) occurring in nuclear reactors down to small frac- 
tions of 1 millionth of a curie (1 microcurie) used in research. 

The mass of a particular kind of radioactive material correspond- 
ing to one curie of radioactivity may be very large or very small, 
depending upon the degree of instability of the material. The follow- 
ing table is illustrative. 


Illustration of relationships between activity, half-life and mass 


Kind of atom Half-life Grams per curie|Curies per gram 


| | 
3, 000, 000 0. 0000003 

7.5 0. 13 

0. 000008 120, 000 

0. 0000006 1, 600, 000 


SE tea neu cd eecanti nee ceeecas oe 
Iodine 131 . 8 days 
Sodium 24 14.8 ones | 
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Radioactive decay and radioactive equilibrium 


We are frequently interested in the time required for an initial 
quantity of radioactive material to decay to some particular fraction 
of that quantity. Reduction in activity is illustrated by the following 
table. 


Elapsed time (half- 
lives) + 6.7 10 
Fractio 


mainin: 1 Yo Yoo Yooo 


A second situation of common interest is that in which a radioactive 
material is being produced at a constant rate. If none of the material 
is on hand at the time that production starts, the initial rate of decay 
is zero. As the quantity of material increases, the rate of decay in- 
creases, approaching equilibrium (i. e., a rate of decay equal to the 
rate of production). Equilibrium is approached in the following 
manner: 


Elapsed time (half lives) 2 3 3.33 4 6.7 10 
Fraction of equilibrium % KH Mo We M00 Kove 


As an example of these relationships, consider a case in which 
strontium 90 is being dumped into a storage tank in batches of 100 
curies once per month. The half life of strontium 90 is about 30 years. 
After 100 years (3.33 half lives) the activity of the first batch of 
strontium would have decayed to 10 curies; and after 1,000 years to 


one billionth of a curie. However, the total goeviiy in the tank con- 


tinues to increase, reaching 99 percent of its equilibrium value® in 
approximately 200 years (assumed to be 6.7 half lives). 

A second example is that of a nuclear reactor operating at a constant 
power level. As a result of the fission process, radioactive materials 
are being produced at respectively constant rates. Approximate 
equilibrium content of radioactive materials of short half lives is 
reached after relatively short periods of operation, while only small 
fractions of the equilibrium content of long-lived materials will be 
reached before the fuel elements are removed for chemical reproces- 
sing. 

A third example of particular interest in radiation protection in- 
volves radioactive materials in the body. Strontium, because of its 
chemical similarity to calcium, if taken into the body is metabolized 
into the structure of the skeleton. Suppose that the skeleton con- 
tains 1 microcurie each of strontium 89 and strontium 90. They are 
emitting radiation at the same rate. Neglecting differences in energy 
of radiation, etc., the initial rates of biological injury would be equal. 
However, strontium 89 has a half life of only 53 days compared to 
about 30 years for strontium 90. By the end of a year, the dose rate 
due to strontium 89 is less than 1 percent of that due to strontium 
90. On this basis, it is sometimes said that strontium 90 is more 


®* The equilibrium quantity can be shown o> 35 even by the equation, 


where Q is the equilibrium, R is the rate of production, and T is the half life. (If Q is 
measured in curies and T in years, then R must be measured in curies per year.) In the 
above example 

Q=—1.4X120 euries per year X30 yearsm5,000 euries. 
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hazardous than strontium 89. Strictly speaking, all that is meant by 
this statement is that the introduction of a given activity of strontium 
90 into the body will result in a greater radiation dose (and, conse- 
quently, greater radiation injury) than the introduction of the same 
activity of strontium 89. If the comparison were made on the basis 
of equal masses of material (or equal numbers of atoms), the strontium 
89 would be as hazardous as the strontium 90. 

Looking at the above problem from a slightly different point of 
view, continuous introduction of activities of strontium 90 and stron- 
tium 89 into the body at equal rates would result in much higher 
equilibrium values of strontium 90 than of strontium 89, with cor- 
respondingly higher radiation dose rates. 


Kinds of atoms, chemical elements, isotopes 


In previous discussions, we have referred to atoms of different chem- 
ical elements and to different kinds of atoms of the same chemical ele- 
ment. A fairly good mechanical model of an atom is obtained by 
assuming that it consists of a relatively massive nucleus, composed of 
protons and neutrons, surrounded by a planetary system of electrons. 
The properties of the atom are completely specified by stating the 
number of protons and the number of neutrons in the nucleus. The 
auumber of protons determines the position in the periodic table of 
the chemical element to which the atom belongs, while the total num- 
ber of particles (protons plus neutrons) in the nucleus determines the 
atomic mass of the atom. The number of planetary electrons asso- 
ciated with an un-ionized atom is equal to the number of protons in the 
nucleus. 

Any two atoms with equal numbers of protons are atoms of the same 
chemical element. However, if the two atoms have different numbers 
of neutrons, they are said to be atoms of different isotopes of the 
chemical element. Examples are strontium 89 and strontium 90 dis- 
cussed above. The nucleus of strontium 89 contains 38 protons and 
51 neutrons, while that of strontium 90 contains 38 protons and 52 
neutrons. 

If the atoms of a particular isotope are radioactive, the isotope 
is frequently referred to as a radioisotope; otherwise it is a stable iso- 
tope. A radioisotope of an element is frequently referred to by use of 
a term such as radiostrontium. This term may refer indiscriminantly 
to any one or several of the radioisotopes of strontium. 

The radioactive disintegration of an atom by emission of a beta 
particle involves the conversion of a neutron into a proton. As a re- 
sult, the atomic mass of the atom is unchanged, but the atomic number 
is increased by one. For example, strontium 90 decays by beta emis- 
sion into yttrium 90 (39 protons), and yttrium 90 by beta emission into 
zirconium 90 (a stable nucleus containing 40 protons). 


Radiation dose and units of measurement 


For purposes of relating levels of radiation exposure to degrees of 
injury and of specifying safe levels of exposure, it is necessary to devise 
or define units of measurement which may be used to relate absorption 
of radiation by biological tissues to the biological effects of such ab- 
sorption. Four different units commonly appear in recent literature. 
These are the roentgen, the rad, the rep, and the rem. 

The roentgen measures the radiation dose of X or gamma radiation 
at any point in terms of the energy absorbed per unit mass of air at 
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that point. Quantitatively, 1 roentgen corresponds to the absorption 
of about 84 ergs of energy per gram of air. The corresponding absorp- 
tion of energy by a gram of tissue placed at the same point may vary 
by a factor of ow, 1% to 2, depending upon quantum energies and 
upon the chemical composition of the tissues. For muscle, 1 roentgen 
corresponds to about 93 ergs per gram, while for bone the absorption 
is generally much higher. 

he rad measures the radiation dose in terms of the energy absorbed 
per unit mass in the material of interest. In radiation protection, the 
material of interest is usually human tissue. One rad is defined as 100 
ergs per gram. As an example of the difference between the roentgen 
and the rad, for a particular quantum energy, a dose of 1 roentgen to 
muscle might be 0.93 rads and to bone, 1.4 rads. In interpreting 
standards of radiation protection, it is generally permissible to assume 
that a tissue dose of 1 rad is equivalent to a tissue dose of 1 roentgen. 

The rep is defined as a radiation dose of 93 ergs per gram of tissues. 
Officially it is superseded by the rad, and is mentioned here only be- 
cause of its wide occurrence in literature older than 1954. 

The roentgen, the rad, and the rep are all measures of physical dose 
(energy absorbed per unit mass). The rem represents an effort to 
express the biological effect of a radiation. The name originates as 
an abbreviation of “roentgen equivalent man.” By definition, 1 rem 
of any radiation is the dose of that radiation required to produce the 
same effect in man as 1 roentgen of gamma radiation of a specified 
quantum energy.’ As an example, on the basis of available informa- 
tion, it is believed that the number of roentgens required to produce 
radiation cataracts of a given severity in the eye is about 10 times the 
number of rads of neutron dosage. On this basis, for the production 
of cataracts, 0.1 rad of neutrons is 1 rem. 

It should be observed that, since the units of radiation dose defined 
above are related, directly or indirectly, to the energy absorbed per 
gram of tissue without reference to the total quantity of tissue in- 
volved, a complete description of the radiation dose to an individual 
requires a statement of the distribution of dose throughout the body. 
By definition, if the individual receives a uniform dose of 400 roentgens 
throughout the body, the dose to each portion of the body, no matter 
how small or how large, is also 400 roentgens. However, the total 
effect would be very different if he received a dose of 400 roentgens 
to only a limited portion of his body, such as a finger or a small area 
of skin. The first case might be fatal; the second of no consequence. 
In expressing dose received, one commonly: specifies whole body es- 
posure to penetrating radiation, whole body exposure to low-energy 
radiation, or otherwise indicates the portion of the body to which a 
particular number applies. Portions of the body of common interest, 
in distinction to the whole body, are the hands and forearms, feet and 
ankles, head and neck, limited portions of skin or tissue in contact 
with a highly radioactive particle,’ or any particular organ such as 
the eye, gonads, thyroid, skeleton, etc. 


®This definition contains a technical inaccuracy, introduced for simplication of concept 

7 Various investigators have used different effective quantum energies for this purpose. 
A frequently used value is 0.25 Mev (million electron volts). 

8“Particle”’ is used here in a sense very different from that of its use in the terms, 
“alpha particle” or “beta particle.” Here we refer to a small speck or grain of material(s) 
containing a large number of radioactive atoms. 
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Standards of protection of personnel from injury due to excessive 
chronic exposure to radiations originating outside the body 


Current recommendations of the United States National Committee 
on Radiation Protection® and of the International Commission on 
Radiological Protection set the maximum permissible rate of whole 
body exposure to penetrating X and gamma radiation, for occupa- 
tional reasons, at 0.3 roentgens per week. On the basis of the experi- 
ence of radiologists, X-ray technicians, and radium workers, together 
with extensive experimental studies of the effects of radiation upon 
several other species of mammals, it is believed that there is no appre- 
ciable probability of observable radiation injury to an tudiviteal 
worker from chronic exposure at this rate for many years. There is 
some difference of opinion as to whether many years of exposure at 
this rate might measurably affect average life expectancy. There is 
also concern on the part of many geneticists as to whether this level 
might not become too high as larger fractions of the population engage 
in activities involving radiation exposure.’® 

Maximum permissible rates of chronic exposure to limited portions 
of the body to ionizing radiation are summarized in the following 


table. 


Permissible total weekly doses in significant volumes of critical organs under 
various conditions of exposure ; 


Conditions of exposure T eee sae 


Skin, at Blood 
Part of body Radiation basal layer| forming 
ofepidermis| organs 


Gon-| Lens 
ads | ofeye 


Whole body Any radiation with half-value- 2 600 2300 | 2300 | 2300 
layer! greater than 1 milli- | 
meter of soft tissue. 

Whole body Any radiation with half-value- , 300 | 300 
layer less than 1 millimeter of 
soft tissue. | 

Hands and forearms or feet and | Any radiation A sonfone ses! 

} 
| 


ankles or head and neck. 





1 The half-value-layer corresponding to a radiation of particular kind and energy is the thickness of mate- 
rial required to reduce the dose rate to half that at the incident surface. 

2 For exposures of the whole body to X or gamma rays up to 3 Mev, this condition may be assumed to be 
met if the ‘‘air dose’? does not exceed 300 mr, provided the dose to the gonads does not exceed 300 mrem. 
“Air dose”? means that the dose is measured by an appropriate instrument in air in the region of highest 
dosage rate to be poemates by an individual, without the presence of the human body or other absorbing 
and scattering material. 

3 Exposure of these limited portions of the body under these conditions does not alter the total weekly 
dose of 300 mrem permitted to the blood-forming organs in the main portion of the body, to the gonads, or 
to the lens of the eye. 


Exposure to radiation originating within the body 

When a radioactive material enters the body, the emitted radiation 
is in a better position to produce injury to body tissues than when the 
material is outside the body. The body tissues in which the radiation 
originates are nearer the source of radiation and are not shielded from 
it by intervening materials. This is of particular importance in the 
case of alpha particles and of low-energy beta particles which cannot 


® National Bureau of Standards Handbook No. 59, Permissible Dose From External 
Sources of ae Radiation. 

10 i genetic effect on a population depends upon the average exposure throughout the 
population, 
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reach sensitive tissues from outside the body but which, if originating 
within the body, may dissipate their entire energy in these tissues. 
Further, if the material is inside the body, exposure to the emitted 
radiation continues indefinitely, subject only to depletion of the quan- 
tity of the radioactive material in the body by physical and biological 
processes. 

The effect of a particular radiation dose upon a body tissue does 
not depend upon whether the radiation originated outside or within 
the body. However, the distribution of the dose within the body will 
senate be quite different in the two cases. These differences result 
from (1) the tendency of certain chemical elements to concentrate in 
certain types of cells or tissues, and (2) the attenuation of radiation 
with depth of penetration into body tissues. 

In general, radiation dose rates resulting from the occurrence of 
a particular radioactive material in the body are proportional to the 
total quantity of the material in the peay. Excessive exposure to the 
radiations from such material is avoided by limiting the quantities of 
the material which enter the body. There is, then, a “maximum per- 
missible body content” of a particular radioisotope which would re- 
sult in a maximum  eiage ga dose rate to the body or to some por- 
tion of the body. Since the quantity retained in the body depends 


upon the quantity entering the body, and since the rate of excretion 


from the body depends upon the body content, it is generally assumed 
that, for chronic exposure, a particular average rate of intake will re- 
sult in a corresponding equilibrium body content. For practical ap- 


plication to the problem of protection against excessive radiation dos- 
ages from materials within the body, pertinent biochemical data are 


used to estimate average concentrations of radioisotopes in food, water, 
and air which would result in an equilibrium body content correspond- 
ing to maximum permissible dose rates. Maximum permissible con- 
centrations in water and air recommended for some 65 of the more 
common radioisotopes by the National Committee on Radiation Pro- 
tection are published in Handbook 52 of the National Bureau of 
Standards. 


Occupational versus environmental standards of radiation protection 

Recommendations of the National Committee on Radiation Pro- 
tection cited on page 9 and in the preceding paragraph are based _pri- 
marily upon experience with occupational exposures of adults to radia- 
tion either from outside the body or from radium in the skeleton. 
Both the National Committee on Radiation Protection and the Inter- 
national Commission of Radiological Protection recommend that 
maximum exposures to nonoccupational groups should be less by a fac- 
tor of the order of 10 than the values recommended for occupational 
exposure. 

A number of considerations enter into questions of environmental 
standards of protection as compared to occupational standards. Some 
of these are not equally applicable to all sources of radiation. The 
observable damage to 8 growing tissues, as in young children and 
particularly at certain stages in the development of the fetus, occurs 
at lower dose levels than to tissues of adults. Not only are the num- 
bers of persons involved in environmental exposures likely to be larger, 
but under conceivable conditions environmental exposures may per- 
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sist throughout the entire life spans of individuals involved, while 
average periods of occupational exposure to radiation will be much 
shorter. 

From the genetic point of view, exposure of the gonads to a given 
average dose rate under environmental conditions is much more sig- 
nificant than under occupational conditions, both because of the much 
longer period of exposure before generation and because of the larger 
number of persons which may be involved. It should be noted, how- 
ever, that genetic considerations apply only to those cases involving 
exposure to the gonads. It is believed that one of the most serious 
potential sources of radiation exposure to many body tissues under 
environmental conditions—the occurrence of radioactive materials in 
food and water as a result of their release from laboratories, hospitals, 
chemical processing plants, and so forth—would involve principally 
radioisotopes which concentrate in other body tissues to a much great- 
er extent than in the gonads. 

On the other hand, the occurrence of radioisotopes of many chemical 
elements in the environment may be more serious than under occupa- 
tional conditions due to differences in metabolism of such chemical 
elements with age or state of health. 

Other uncertainties enter the question of environmental standards 
to the extent that that current standards must be considered to be not 
only provisional guides to be amended with increased knowledge of 
the behavior and effects of radioactive materials but also to represent 
a drastic oversimplification of a complex which may include many 


problems as yet undefined. 


Practical problems involved in the prevention of excessive exposure 
to radiation 


In general, the reduction of average rates of radiation exposure 
to any specified value is a matter of economics. The considerations 
involved are frequently given other names, such as convenience, time 
facilities, practicability, and so forth, all of which can be evaluated 
only in relation to cost of the end product. For one reason or an- 
other, the cost of operating various phases of a nuclear-energy pro- 
gram without increasing the exposures to radiation incurred by operat- 
ing and other personnel would be prohibitive. It has been pointed 


out (p. 582) that it is impossible to build a radiation shield with suf- 
ficient thickness to completely prevent the transmission of fast neutron 
and gamma radiations, although it is possible to achieve any specified 
transmission greater than zero. Whether achievement of a specified 
transmission 1s feasible depends only upon whether the necessary cost 
is acceptable.” 

Similar considerations hold in connection with the release of radio- 
active materials from laboratories, chemical, processing plants, and 
so forth. The operations involved generally lead to the suspension of 


411It should be noted that, where thick shields are involved, the differen s - 
tween the minimum thickness of shield required for operable conditions and that feos 
for a high standard of radiation protection is a small fraction of the total cost of shielding 
{n a typical example, the flux of a reactor and the composition of the concrete used for 
shielding is such that a thickness of 6 feet is required to reduce the level of radiation at 
the emergent surface to the maximum permissible level for continuous exposure (40 hours 
per week), while a thickness of 7 feet would reduce the level of radiation to one-tenth of 


this value. Shielding costs are much less sensitive to standards of radiati 
than are costs of decontamination, discussed below. a re 
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radioactive materials in sizable quantities of water or air. Storage of 
such quantities of fluid is generally impracticable (i. e., too expen- 
sive). Absolute decontamination (removal of all radioactivity from 
the fluid) is nearly if-not quite impossible. The cost of decontami- 
nation depends upon the degree, rising rapidly as one becomes con- 
cerned with very ew concentrations. For example, it may cost much 
more to reduce the residual radioactivity of a solution from 0.01 to 
0.001 percent than it did to reduce it from 100 to 1 percent. Such 
differences in cost may arise from the necessity of using more expen- 
sive processes to achieve greater reductions in concentration. From 
the point of view of protection of personnel from excessive exposure 
to radiation, whether or not they are justified will depend upon 
corresponding levels of exposure and, perhaps to some extent, upon 
numbers of persons involved. If decontamination to 0.01 percent of 
the original level reduces radiation exposures of personnel to a small 
fraction of maximum permissible levels, there is much less reason to 
seek further decontamination than if this corresponded to maximum 
permissible levels or higher. 

In planning precautions against accident, there are virtually no 
guides for relating cost to the degree of protection achieved. For 
example, the possibility of the accidental release of very large quan- 
tities of radioactive materials as the result of an accident to a high- 
power nuclear reactor has led to greater care in the selection of reactor 
sites. However, until more quantitative estimates of the probabilities 
of accidents of various degrees of severity can be made, it will be 
generally impossible to determine whether the precautions taken in 
the construction of a particular reactor are inadequate or unduly 
expensive. In view of the general perversity of nature, it is not incon- 
ceivable that we may experience a series of catastrophic accidents 
after a longer period of favorable experience in the construction and 
operation of nuclear reactors. Similar considerations apply to an 
even greater degree to the extension of nuclear power to the propul- 
sion of planes, trains, ships, and so forth. 

Attempts to achieve standards of radiation protection by regula- 
tion involve additional problems. A large number of factors may be 
involved in relating the operation of a laboratory, chemical processing 
plant, or nuclear reactors to levels of radiation dosage to all persons 
who may be affected by such operations. In practice, our larger 
operations require staffs of many persons to maintain a continual 
evaluation of these factors and to determine that prescribed stand- 
ards are being met. In attempting positive regulation of radiation 
exposure by governmental agencies, the complexity of the problem 
is such that merely prescribing maximum limits of dose rate appears 
to be inadequate. The same complexity makes it impossible to pre- 
scribe detailed precautions which are at the same time adequate for 
all situations and not unduly restrictive for most. 

Finally, as the numbers of persons receiving increased exposures 
to radiation grows larger, together with other changes in the human 
environment, it is necessary that we continue our efforts to evaluate 
their overall impact upon human welfare. It is quite probable that 
the next few decades will see our standards of radiation protection 
undergo substantial changes. 
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ComMUNICATION From Atomic Enseracy CoMMISSION 


Ocroper 24, 1955 


Attached is a copy of a self-explanatory memorandum dated Octo- 
ber 19, 1955, with regard to the costs of transportation of radioactive 
materials. 


COSTS OF TRANSPORTATION OF RADIOACTIVE MATERIALS 


One of the items proposed for presentation to the panel is the por- 
tion of the Eighth Semiannual Report of the AEC to  omtind dealing 
with radiation protection. The panel has suggested to * * * of this 
Division that, for this purpose, the discussion on costs of transporta- 
tion appearing on page 161 of the semiannual report be brought up- 
to-date. The following information was developed. 


%* * * * * * * 


Continuous efforts on the part of persons concerned with the trans- 
portation of radioactive materials to reduce costs to a minimum has 
resulted in a number of developments since the eighth semiannual 
report was issued. It is believed that there is no comprehensive dis- 
cussion of these in any existing publication. The principal develop- 
ments are the following: 

Ninety-five percent of the shipments of radioisotopes from ORNL 
are now made in nonreturnable containers. These include a number of 
gamma emitters. This not only eliminates the return cost of trans- 
portation but also eliminates costs of monitoring and decontamina- 
tion of containers, both for return shipment and for reuse. Overall 
reduction depends upon minimum costs of containers. 

During the period in which Federal regulations controlling the 
shipment of radioactive materials were being formulated, ORNL re- 
stricted radiation levels at surfaces of packages to be shipped by air 
to 50 mr per hour. This level persisted in practice for several years 
after the CAA adopted the more liberal ICC limit of 200 mr per hour 
at the surface. This persistence was due partly to the conservative in- 
fluence of the Health Physics Division of ORNL and partly to reluct- 
ance of some of the airlines to accept the CAA value. All airlines have 
now accepted the 200 mr per hour value and packages are designed 
with the minimum weight (i. e., minimum shielding) required to meet 
this limit. To take full advantage of the permissible surface level, the 
outer container of the package 1s made large enough that when the 
limit of 200 mr per hour at the surface is reached, a concurrent limit 
(also provided in the regmeeens) of 10 mr per hour at one meter from 
the radioactive material is also reached. 

As an example of the effect of the above developments on shipping 
costs, we are informed that under former practices a shipment of 30 
millicuries of radioiodine would have been made in a box containin 
a lead shield 1 inch in thickness and weighing 35 pounds. If shippe 
to Los Angeles, outgoing transportation costs would have been $22.79 
by air express or $8.75 by air freight. Return by railway express 
would cost several dollars. Under present practices, the iodine is 
shipped in a 4-pound nonreturnable container at $4.38. (Air freight 
is generally used for shipments in excess of 7 or 8 pounds.) 

70101—56—vol. 239 





592 PEACEFUL USES OF ATOMIC ENERGY 


One development applicable to the transportation of high levels of 
gamma emitting radioactive materials is the substitution of depleted 
uranium (uranium 238) for lead as the shielding material in the 
package. Since the effectiveness of a shield depends upon its thick- 
ness, while the weight of a shield (large in relation to its central cavity) 
is approximately proportional to the cube of its thickness, to make a 
shield of specified effectiveness requires less weight of a material of 
high specific gravity. For example, a sphere of lead (specific gravity, 
11.3) 10 inches in diameter with a cavity 2 inches in diameter affords 
a wall thickness of 4 inches and weighs about 210 pounds. If made 
of uranium (specific gravity, 18.7), the thickness of wall required for 
the same reduction in intensity of high-energy gamma radiation would 
be about 2.42 inches. With a 2-inch cavity, such a shield would weigh 
only about 110 pounds. Savings in transportation costs are quite 
large in the case of large quantities of high-energy gamma emitters 
of short half-life (such as sodium 24, half-life 14.8 hours) which must 
be shipped by air. 


CoMMUNICATION From Panet to Atomic Enrercy CommMIssIon 
October 27, 1955 


This is with reference to the report entitled “Summary of Some 
Physical and Biological Relationships Involved in the Protection of 
Personnel Against Excessive Exposure To Radiation,” transmitted 
to the panel by your letter of October 10, 1955. The report was ac- 
companied by three enclosures: NBS Handbook 52, NBS Handbook 
59, and a publication of the Atomic Energy Commission entitled “Con- 


trol of Radiation Hazards in the Atomic Energy Program.” 

In view of the July 1950 date of the last-mentioned enclosure, it 
would be appreciated if you would advise the panel whether this is the 
latest definitive publication on this subject and whether the control 
procedures outlined represent current practice. 

We appreciate [your] memorandum presenting the data on costs 
of transportation of radioactive materials, dated October 19. 

This additional request seeks to confirm the currency of the remain- 
ing material submitted on October 10. 

2 * * * w * s 


CoMMUNICATION From Atomic ENercy ComMMIssion 
December 5, 1955 


In reply to your inquiry of October 27, 1955, the materials submitted 
as enclosures with the report, Summary of Some Physical and Biologi- 
cal Relationships Involved in the Protection of Personnel Against 
Excessive Exposure to Radiation, prepared for use of the Panel on the 
Impact of the Peaceful Uses of Atomic Energy, are the most recent 
materials conveniently covering their respective subjects. 

Your letter notes the July 1950 date on the publication, Control of 
Radiation Hazards in the Atomic Energy Commission, and inquires 
whether or not the control procedures outlined therein represent 
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current practice. Since that publication first was prepared there have, 
of course, been advances in permissible dose concepts, improved instru- 
mentation, and procedures have been streamlined. But the basic con- 
cepts of control of radiation hazards outlined in the report do reflect 
current thinking and practice. Indeed, if we were to rewrite the 
publication today, it would be unnecessary to make substantial changes. 

It is expected that minor changes in NBS Handbook 52 (1953) will 
be made within the next few months, either through publication of a 
revised edition or by issue of a supplement to the present handbook. 
NBS Handbook 59 (1954) is quite consistent with current thinking 
in the field of radiation protection. 


CoMMUNICATION From PAanet To Atomic ENerGgy CoMMISSION 
August 23, 1955 


* * * 4 x o . 

In the projected discussions by the Panel on the Impact of the 

Peaceful Uses of Atomic Energy dealing with the role of Govern- 

ment * * * summaries of what has happened in the following areas 
of Commission activity since August 1954 would assist * * *. 


* *x * + * * * 
8. Safety codes: A brief summary of the actions taken by the Com- 


mission under the new law to establish safety codes under Federal or 
State auspices for the various applications of atomic energy for peace- 


ful uses, and such administrative actions as have been taken for the 
enforcement of such safety codes. 


CoMMUNICATION From Atromic ENEerGy Commission 


October 20, 1955 


SAFETY CODES 


No regulations or codes have been issued in final form under the 
new law. On July 15, 1955, a notice of proposed rulemaking was 
published in the Federal Register as 10 Code of Federal Regulations 
part 20. The standards incorporated in the proposed regulation are 
based on recommendations made by the National Committee on Radia- 
tion Protection. The regulation establishes performance requirements 
on licensees. 

The regulation will apply to all persons who receive, possess, use or 
transfer source material, special nuclear material, or byproduct ma- 
terial under a general or specific license. 

The proposed regulation establishes maximum permissiblo limits on 
exposures to external radiation and concentrations of radioactive rma- 
terial, and maximum permissible levels of radiation in areas access to 
which is not controlled by the licensee. It also establishes controls 
over the release of radioactive material from licensed facilities. On 
the basis of present scientific knowledge and experience the permis- 
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sible levels of exposure and concentration and other requirements will 
provide a substantial margin of safety for personnel and the public. 

Other provisions of the regulation include requirements regarding 
personnel monitoring, protective masks and clothing, caution signs 
and signals, waste disposal, storage of licensed material, instruction 
of personnel on safe procedures for handling and using licensed ma- 
terial, and records and reports. 

On July 13 and 14, 1955, a conference was held in Washington to 
which each State government was invited to send a representative. 
Thirty-nine States sent representatives, as did the Department of 
Health, Education, and Welfare and the Department of Labor. 

Since that date, we have been taking steps to establish a small ad- 
visory committee of State officials to advise us in revisions to the pro- 
posed regulation. 

Many comments about the proposed regulation have been received, 
They are being reviewed at this time. 


Srarr Digest or MEETING ON THE Impact oF THE ATomiIc Enerey In- 
pUSTRY ON CommuNITY HEALTH SPONSORED BY THE AMERICAN Mep- 
1cAL AssociaTION CouNcIL ON INDUSTRIAL HEALTH ON JANUARY 
25-26, 1955, anp Orner Rexatep Data 


1. General 


When the program of the Manhattan Engineering District was 
first conceived, it was recognized that radioactive materials would 


be handled in amounts out of all proportion to ue previously 


experienced and that the information available on healt 
was very inadequate. 

A few benchmarks existed. Work with X-rays, with radium, 
radon, and other radioactive material, and the occurrence of bone 
vancer in watch-dial workers and lung cancer in uranium miners in 
Europe provided at least fundamental guidance. 

Since 1942, while much still remains unknown, enormous strides 
have been made in protection against the hazards of very substantial 
atomic energy programs and widespread use of radiation and radio- 
active materials. Radiological physics has grown into a new dlis- 
cipline, synthesizing biology and radiation physics. Nevertheless, 
it is still clear that 13 years is by no means long enough to permit 
definitive conclusions on the long-range health hazards which may 
become apparent. 


1 protection 


2. Power reactors 


At the present time, the development of peaceful applications of 
atomic energy moves forward on many fronts. The power reactor 
construction program includes in addition to a number of reactor 
experiments, a series of practical sized demonstration reactors. 

A nuclear-reactor disaster could occur if a reactor got out of con- 
trol and ruptured in a violent manner. Thus far only two major 
incidents of this type are known to have occurred; one in Canada 
in an experimental reactor as a result of a mechanical failure arising 
out of a complex chain of events which led to a power surge and the 
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second by design known as the Borax I experiment at the national 
reactor test station in order to ascertain what would happen if a 
particular reactor were permitted to get out of control. 

In the case of the Canadian reactor, fuel element melting occurred 
with resultant contamination of water and heavy water in the reactor 
and contamination of flooded parts of the structure. 

In the case of the Borax experiment * the power level in an experi- 
mental boiling water reactor was permitted to rise well over a million 
kilowatts in a tenth of a second. The conditions imposed were much 
more severe than are expected to occur in any reasonably conceivable 
accident. As a result the reactor core was destroyed as well as some 
associated equipment. 

Most of the heavy debris fell to the ground near the shield pit. The 
control rod drive mechanism, which weighed about a ton, fell on the 
side of the earth shield, after having been thrown about 30 feet into 
the air. Recognizable fuel-plate fragments were thrown as far as 
200 feet from the reactor site. Surveys of the total fission-product 
radioactivity of all the debris indicated that practically all of the 
fuel originally in the reactor could be accounted for within a radius 
of 350 feet around the original reactor location. Although these 
measurements necessarily lacked precision, they showed that no large 
fraction of the reactor core material left the site in the form of air- 
borne material. At the time of the experiment, the wind velocity was 
8 miles per hour at ground level, and 20 miles per hour at 250 feet 
above ground. Fifteen minutes after the experiment the total beta 
plus gamma activity level, 3 feet above ground, at a point 0.8 mile 
directly downwind of the reactor, was 5 mr/hr. At all points farther 
from the reactor the effects of fallout were less than this value. Mo- 
mentarily during the explosion, a gamma dose rate in excess of 400 
mr/hr was indicated on a survey meter half a mile from the reactor.” 
This indication decayed rapidly; the total dose received at the half- 
mile point (cross wind) was less than 10 mr. 

Although the explosion was spectacular, its effects were comparable 
to those which could be caused by a moderate amount of chemical ex- 
plosive. The destruction of the reactor tank was not surprising, since 
it was constructed of relatively thin (14-inch) steel. Most of the 
equipment outside the shield tank was either undamaged or reparable, 
and much of it, including the control rod drive mechanism, was decon- 


2 Data based on paper presented at 1955 Geneva Conference by Argonne National 
Laboratory scientists. 

_78 Rule V-A in recommendations of the National Committee on Radiation Protection 
National Bureau of Standards Handbook 59, September 24, 1954, states: 

“Accidental or emergency exposure of the whole body of adults or parts thereof to X-rays 
with photon energy less than 3 Mev., from external sources, occurring only once in the 
lifetime of the person, under the conditions and in the respective dosages stated below, 
shall be assumed to have no effect on the radiation tolerance status of that person. 

(a) Exposure of the whole body—any adult. Total dose, measured in air: = to 25 r. 

“(b) Local exposure—any adult. Dose measured in air and additional to whole-body 
dose: (1) Hands and forearms, up to 100 r; (2) feet and ankles, up to 100 r. 

“Emergency as used here refers to a combination of adverse circumstances arising unex- 
pectedly, which, if left uncorrected would have the potentiality of seriously endangering 
health and/or property. It does not refer to condition of warfare. An emergency expo- 
sure, therefore, is one incurred in the performance of an unusual task to protect the indi- 
vidual himself or others, or valuable property. 

“It is envisaged that emergency exposure may occur by prearranged plan. In general, 
it is impossible in such cases to determine accurately beforehand the doses that the person 
may receive, and conceivably they may be underestimated by a factor or two. Rule V-B 
will serve as a guide in such cases.” 
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taminated, reconditioned, and reused. The principal sources of poten- 
tial hazard arising as a result of nuclear powerplant operation are: 


(a) Fission products and radioactive substances are formed in 
fuel elements as burning takes place. 

(5) The coolant and structural elements of the reactors become 
radioactive under bombardment of neutrons resulting from the 
chain reaction. 

(c) Improper operation or failure of control elements may, in 
the absence of designed safeguards, lead to extreme power surges, 
a runaway reaction, or both, resulting in reactor destruction and 
scattering of radioactive materials. 

(d) Corrosion or other breakdown of fuel elements or other 
structural elements may lead to leakage of radioactive materials 
into the coolant stream or into the surrounding atmosphere. 

(e) Highly radioactive spent-fuel elements must be periodically 
removed from the reactor. After appropriate cooling periods 
they must be reprocessed at the site of the reactor or shipped to a 
central reprocessing plant. Waste fission products require 
packaging and disposal. 

3. Radioisotopes in industry 

Industrial uses of radioactive materials now located in every State 
of the Union. They total more than 1,400. Approximately 400 are 
using radioactive materials for radiographic inspection ; 400 others are 
using radioisotope thickness gages, level gages, controls of various 
types, etcetera. The balance of the industrial users employ very small 
quantities of radioactive materials in research. 

On the average, fewer than 100 persons per State are potentially 
exposed to significant quantities of radiation from industrial applica- 
tions of AEC-distributed radioactive materials. This number is small 
compared to the numbers engaged in other hazardous industries in 
which safety inspection is practiced by some Government agency ; how- 
ever, it is clear that these industrial uses of atomic energy will expand 
and with expansion the hazards from careless handling or disposal 
will increase. Proper construction and packaging, education, inspec- 
am and protective measures will reduce the hazard to negligible 
evels. 


4. Radioisotopes in medicine 

The simplest form in which radioisotopes are met in hospitals is 
the cobalt 60 source. The main elements in connection with safe use 
of such sources are adequate shielding and training of personnel in 
handling. A substantial amount of effort has been expended on the 
design of source containers. Location and shielding of rooms in which 
aaeeeny are used has also received a large share of study and design 
effort. 

Handling of other radioisotopes for diagnosis or therapy can be 
accomplished with complete safety by trained personnel using equip- 
ment designed for the purpose. 

Adequate isotope storage can be accomplished by the use of properly 
shielded vaults or even crude arrangements of lead bricks. 

Disposal of waste materials containing radioisotopes does not pre- 
sent a significant problem if normal precautions are taken to permit 
adequate decay and to prevent injury to the unwary or careless. 
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The Subcommittee on Human Applications of the Advisory Com- 
mittee on Radioisotopes of the AEC, composed of an internist, a radi- 
ologist, and a radiological physicist has the unenviable job of deciding 
in critical cases who will employ radioisotopes in the practice of 
medicine, especially with reference to unusual doses. The recommen- 
dations of this committee must take into account the need for pro- 
tecting health and safety while not interfering with the practice of 
medicine. 

Source of the potential hazards in industrial and medical appli- 
cations of atomic energy are: 

1. Radiation from radioactive materials, sources or high-voltage 
machines and accelerators. 

2. Ingestion or inhalation of radioactive materials during prepa- 
ration or use. 

3. Ingestion or inhalation due to inadvertent release of radioactive 
materials through— 

(a) container rupture. 
(5) waste disposal. 


5. Reducing hazards 

Measures to reduce these hazards include: 

1. Appropriate design of nuclear powerplants to provide (a) proper 
shielding for protection of operating personnel and (6) a mode of 
operation such that the possibility of explosion as a result of com- 
ponent failure is extremely remote if not impossible. 

2. Appropriate location of nuclear powerplants to take into account 
the possibility of radioactive elements and of disaster while not im- 
posing insurmountable economic barriers. 

3. Construction and operation of nuclear plants and use of skilled 
personnel, 

4. Appropriate design of shielding, packaging, and storage of radio- 
active materials and sources. 

5. Controlled waste disposal for all types of facilities utilizing 
radioactive materials and sources. 

6. Appropriate ventilation of areas involved. 

7. Use of protective clothing and equipment. 

8. Decontamination procedures. 

Every proposed reactor is considered by the AEC to make sure that 
it is safe and that it does not present any public hazard. The AEC 
is aided in this task by the Advisory Committee on Reactor Safe- 
guards which examines in great detail all aspects of each new reactor 
and its operation under every conceivable circumstance. The com- 
mittee also obtains complete data on the proposed site including 
meteorology, earthquake history, geology, hydrology, etc., and take 
these factors into account. In addition, periodic inspection of oper- 
ating reactors is carried out in order to assure that they behaved as 
predicted and that operator efficiency is satisfactory. 

In order to assure adequate safeguards and protective measures in 
other peaceful applications of atomic energy, the Atomic Energy Act 
of 1954 provides for licensing by the AEC of the purchase, disposi- 
tion, and use of all radioactive materials. 

Regulations being prepared by the AEC pursuant to the licensing 
authority granted in the act, emphasize the requirement for an 
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adequate description by the applicant for a license of all the safety 
in the particular case and appropriate expert 


considerations involve 
review. 
6. Responsibilities of public health agencies 


(a) Monitoring control of public education—It has been shown 
that the organization of the industrial hygiene and radiological health 
program within the atomic energy industry fits into the general pat- 
tern of industry in this country; and, likewise, the participation of 
the various public health agencies in the industrial development of 
atomic energy will also follow the same pattern which has evolved 
in the course of dealings with other types of industrial problems and 
within industries in general. The local and State public health 
agencies have the ultimate responsibility for the health of the people 
who are within their jurisdiction. They have had this responsibility 
for all other types of problems, and there is no reason to believe that 
this pattern will be deviated from as the atomic energy industry 
becomes more important in the United States. 

It would apaent that the local agencies and State groups would 
expect that the industries concerned would primarily take care of 
their own problems within the plant as is customarily done. The 
States should then be prepared to assist industry in handling problems 
which are beyond the scope of the immediate facility, particularly 
if problems arise which require the services of an impartial outside 
group. It is the State’s responsibility to have available, either on 
their staff or by consultation, qualified personnel who are competent 
to be of real assistance when they are needed. 

Another important function of the local public health facilities 
will be education of the communities which have the atomic energy 
industries. With the introduction of nuclear power reactors into com- 
munities, there will be considerable misunderstanding and exagger- 
ation of the potential hazards. The public health groups have been 
doing this type of educational work for many years, and it will be 
extremely important to avoid the community anxiety and, at times, 
hysteria aroused by misinformation. 

(b) Legislation and regulation of the use of radioactive materials.— 
Asa result of an apparent lack of coordination that existed in adoption 
by the AEC, the United States Public Health Service, and the States, 
of regulations on the use of radioactive materials, a subcommittee of 
the National Committee on Radiation Protection was established. 
The work of this subcommittee has resulted in two documents; the first 
establishing uniform procedures for establishing State regulations 
and the second incorporates the ideas and ant of the National 
Committee on Radiation Protection to be used by the States as a guide. 


CoMMUNICATION From Atomic InpustriaL Forum, NoveMBsEr 14, 


1955 


As you know, the problems of insurance in the atomic energy field 
are unusual and of considerable magnitude. In the field of public 
liability they are ne Den agin. largely because there are 
such large areas where knowledge or experience do not yet exist. 
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The importance of a more thorough understanding of what this 
industry faces in obtaining adequate protection for the public and for 
itself, and at a cost which will not be prohibitive, has become increas- 
ingly clear to the forum’s insurance company. This committee has 
several subcommittees which are working in such sectors as risk > 
praisal and determination of limits, policy forms, liaison (with the 
insurance industry and with Government), legal problems, and in- 
formation and education. 

Whether there will be a spread or gap between what the commercial 
insurance industry will write and what a manufacturer in the nuclear 
field or owner of a power reactor might want is a big and very im- 
portant question. There are other problems of a legal nature which 
must be resolved before the nuclear industry can proceed with con- 
fidence. Accordingly, the subcommittee on legal problems proposed, 
and the forum’s board of directors has approved, a research project 
having to do with insurance legal problems. 

This study will be conducted by Columbia University’s Legislative 
Drafting Research Fund, a research organization with a distinguished 
background in the field of insurance and in other areas of public and 
industry interest. The research fund is to make a preliminary report 
by March 1 and a final report by September 15, 1956. 


* + * * * + + 


This letter * * * carries attachments which include (1) a statement 
of the problems of insurance, with particular reference to the research 
project on insurance legal problems, and (2) a brief explanation of the 
research group at Columbia which is making this particular study. 


1. Pusiic LIABILITY INSURANCE AGAINST ATOMIC HAZARDS 


The development of atomic industry will bring with it many novel 
and intricate problems of insurance—ranging from the availability of 
coverage to the adequacy of the terms and provisions of particular 
policies. The public liability hazards inherent in atomic operations, 
however, seem to pose the problems of greatest difficulty. 

It has been said that the catastrophe potential inherent in the atomic 
industry, although it is remote, is more serious than anything that is 
now known in any other industry. If, for example, there ever should 
be a “runaway reactor” the conceivable damage claims might well be 
beyond the financial resources not only of the owner and operator of 
the reactor but also beyond the financial capacity of the many sup- 
pliers and designers of the reactor as well. 

While there is optimism that workmen’s compensation, property 
damage, loss of use, health, accident and other types of insurance can 
be accommodated to the realities of atomic operations, this optimism 
does not yet extend to public liability insurance. 

There are several reasons why, at the present time, conventional 
insurance techniques seem inadequate to cope with public liability 
insurance against atomic hazards. Fundamental, of course, is the fact 
that the risk has yet to be accurately evaluated, in terms of either (1) 
the likelihood of on atomic catastrophe, (2) the magnitude of the po- 
tential damage, (3) the persons who might, ultimately, be held to 
share in the liability for such a catastrophe, or (4), the bases upon 
which legal liability may be asserted against such persons. Further, 
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while studies are in progress, none have yet been completed to explore 
the amount and types of public lability insurance coverage which 
might be forthcoming from existing commercial carriers. Similarly, 
no comprehensive survey has yet been undertaken of the techniques 
which might be employed either to mitigate or negate the risk of 
legal liability or to supplement the insurance coverage which can be 
commercially provided. 

The public liability insurance problem also takes on added com- 
plexity because of the diversity of persons and situations exposed to 
risk and of the tendency to pyramid coverage against an identical 
risk, Not only the owner, the operator and the supplier of an atomic 
reactor are involved but, for example, so too is the user of atomic wastes 
or irradiated material, or even the purveyor of food or equipment 
which may have been exposed to atomic radiation. The public liabil- 
ity problem must also be considered in terms of injury both to persons 
(whether employees, invitees or unknown third parties) and to prop- 
erty (whether a neighbor’s or located at a remote distance from the 
cause of damage). Similarly, the various causes of damage must be 
considered, such as explosion, radiation, fire, pollution and the like, 
Very important also is the impact on the public liability problem of 
other existing types of insurance, such as health insurance, life insur- 
ance and property insurance. Such insurance might well reduce the 
potential public lability risk particularly if there are provisions pre- 
cluding pyramiding of coverage or waiving subrogation of the insurer 
against, for example, the owner of the faulty reactor. There are, in 


short, a host of variables which must be isolated, analyzed, and then 
tested in a variety of combinations before a sound and workmanlike 
system of public liability insurance coverage can be constructed. 

Complex as this task is, it is in no sense extraordinary. It is simply 
a situation calling for orderly, disciplined and inventive research. 
Such research should proceed along a number of lines. Thus, there 
should be a careful, scientific inquiry to assess the likelihood and prob- 
able extent of damage in the event of an atomic disaster. There 
should also be statistical studies along conventional] lines to assay 
the nature and extent of such arisk. Further, there should be a review 
of the existing types and forms of insurance to determine the extent to 
which they are adaptable to reduce or cover the public liability hazard. 
Equally important is a legal research job to (1) assess the legal factors 
which tend to render the insurance which is commercially available 
inadequate either in scope or amount to meet the anticipated public 
liability; (2) analyze the source and extent of the legal liability which 
gives rise to the need for insurance protection; and (8) explore the 
alternative techniques by which (a) the limitations on existing com- 
mercial insurance capacity may be lifted, (6) the scope of legal lia- 
bility may be narrowed, and (¢) commercial insurance may be sup- 
plemented by governmental or other mechanisms. 

The basic objective is to devise a mechanism or series of mechanisms 
which will compensate the public for loss or damage to persons or 
property arising from atomic operations and, at the same time, protect 
the atomic industry from excessive public liability. 

When the public liability insurance problem is resolved—and only 
then—can we look for the maximum vigor and growth of private 
atomic industry. 
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PROGRAM OF THE FORUM 


The forum is satisfied that it can usefully sup lement the valuable 
work currently being done on the insurance problem by the insurance 
industry and the AEC. In particular the forum believes that it can 
make an immediate and effective contribution, first, by undertaking a 
factual, statistical and scientific appraisal of the risks involved in 
atomic operations, and, second, by sponsoring a thorough and objec- 
tive legal research project, of the kind outlined above, specifically di- 
rected to the public liability problem. 

The forum, in order to bring these problems into sharp and active 
focus, has organized an insurance committee which is broadly repre- 
sentative of the interests of industry, labor and the professions in 
the resolution of the insurance problem. This insurance committee 
is, in turn, divided into subcommittees. For example, there is a sub- 
committee on risk appraisal and determination of limits of coverage 
which is taking a close look at the probable risks inherent in reactor 
operation and at the desirable amounts of insurance coverage. An- 
other subcommittee is reviewing policy forms and coverage definitions 
to determine their adequacy, the need for their revision and the steps 
required to eliminate overlapping coverage. There is also a subcom- 
mittee on legal problems and it is under the guidance of this subcom- 
mittee that the legal research project will be undertaken. Attached 
to this memorandum is a list of the membership of the forum’s in- 
surance committee and each of the subcommittees as presently con- 
stituted. 

THE LEGAL RESEARCH PROJECT 


After reviewing the presently available evidence, the subcommittee 
on insurance legal problems concluded that it was sound to assume 
that there will be a substantial gap between the present capacity of 
the insurance industry to eandll ublic liability insurance against 
atomic hazards, and the amount and nature of the insurance coverage 
which the atomic energy industry will find it prudent and desirable 
to obtain. The subcommittee also concluded that, if prompt and 
effective steps are to be taken to close up a gap, a careful legal survey 
was urgently needed. 

It was the recommendation of the subcommittee that, initially at 
least, such a research project should be limited in scope to (i) an 
identification of the nature of the gap between adequate public lia- 
bility insurance coverage and that which is commercially available, 
(ii) an analysis of the reasons for the gap—with particular emphasis 
on the legal inhibitions and legal liabilities which create it, and, most 
important, (iii) an evaluation of the alternative mechanisms for clos- 
ing or reducing the gap itself. 

To be valuable such a survey and report must be made by scholars 
of acknowledged competence and objectivity. They must, more- 
over, be inventive as well as thoughtful. The facilities of Columbia 
University, working through its Legislative Drafting Research Fund, 
appealed to the subcommittee as fully meeting these tests and affording 
the added advantage of being readily available in New York for con- 
sultation with the forum and its insurance subcommittee. A sum- 


a 7 the background and experience of the research fund is 
attached. 
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The board of directors of the forum, through its executive com- 
mittee, reviewed the proposed legal research project with care and 
concluded that it should be undertaken promptly. The forum accord- 
ingly has entered into an arrangement to this end with Columbia 
University at a cost not to exceed $50,000. eet 

In approving this program of research into the legal and legislative 
techniques by which public liability insurance coverage can be obtained 
against atomic catastrophe, the executive committee of the forum 
has directed that the project be pushed with all possible vigor con- 
sistent with scholarly research and that a preliminary report be filed 
with the forum by March 1 of 1956, and the entire project be com- 
pleted, if possible, by September 15, 1956. 

The forum believes that the public liability insurance problem is 
of such universal importance that financial support for this legal 
research project should be broadly based. The insurance problem is 
of crucial concern to the public, to labor and to the management of 
the many companies, small and large, which will participate in the 
design, construction, equipping and operation of atomic reactors. 
Accordingly, pursuant to the direction of its board of directors, the 
forum is seeking contributions to finance the project from atomic 
industry, the insurance industry, private foundations and others 
interested in a sound solution in the public interest. 

The forum is confident that the legal survey and report which it 
is sponsoring will make an exceedingly valuable contribution to public 
and private thinking. It is optimistic that this effort will speed the 
development of a healthy atomic industry fully responsive to its public 
responsibilities. 


2. THE LEGISLATIVE DRAFTING RESEARCH FUND 
HISTORICAL NOTE 


The Legislative Drafting Research Fund was established at 
Columbia University in 1911 for study and practical work in the legis- 
lative development of the law. Its first advisory board included such 
men as Harlan Fiske Stone, then dean of Columbia Law School, later 
Chief Justice of the United States, and Prof. John Bassett Moore, 
later judge of the Permanent Court of International Justice. 

In the course of its 44 years the fund has rendered many important 
services to New York and to the Nation, often working with Govern- 
ment agencies or with outstanding civic groups. Under Thomas I. 
Parkinson, its first director, the fund soon after its establishment pre- 
pared a comprehensive revision of the New York labor law. An Index 
Digest of State Constitutions was published in 1915 for the New York 
Constitutional Convention. But perhaps the most significant among 
the fund’s early achievements was the fact that the demonstrations of 
research and draftsmanship provided at congressional invitation by 
members of the fund staff led to the creation of the Offices of Legisla- 
tive Counsel in the Congress of the United States. Mr. Parkinson 
became the first Legislative Counsel to the Senate; and the late Middle- 
ton Beaman, an early fund member, became first Legislative Counsel 
to the House of Representatives. Under the late Prof. Joseph P. 
Chamberlain, its second director (1919-51) as well as a cofounder, the 
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fund participated in preparing the studies embodied in the pioneering 
1932 report on automobile accident compensation issued by the Council 
for Research in the Social Sciences. It played a prominent role in the 
early planning and growth of workmen’s compensation. It has 
worked too, for example, on social-security and industrial-safety legis- 
lation. In 1935, Professor Chamberlain served New York City as 
counsel to its charter revision commission. The present city charter 
isin good part a monument to his labors. 


CURRENT STAFF AND OPERATIONS 


The fund has three officers: a director, John M. Kernochan; an 
associate director, Frank P. Grad (now serving as executive director 
of the fund’s $160,000 New York City public health law revision proj- 
ects) ; and an assistant director, Clyde L. Ball. Each year there are 
also some 7 or 8 part-time legal assistants chosen from among the best 
students in the law classes. The fund’s projects are used in part to 
give these selected men laboratory training in legislation and in the 
special skills of research and drafting. To the staff just outlined, 
there may be added from time to time, for the purpose of specific 
undertakings, additional ad hoc project directors and assistants. 
Watching over operations generally there is an advisory board whose 
members lip includes the head of Columbia’s Department of Public 
Law and Government, and the dean, and several faculty representa- 
tives of the Columbia Law School. 

Professor Kernochan, who has directed the work of the fund since 
1951, is a graduate of Harvard College and the Columbia Law School. 


— the period of his directorship, the fund has continued and ex- 
C 


panded its activities. Following are some of the recent major studies 
and nent assignments: 

Study of New York State Legislative Procedures—for a special 
committee of the Association of the Bar of the City of New York. 
Fund data and conclusions were used in the committee’s final report. 
See 6, The Record, 404 (December 1951). 

Model State Witness Immunity Act and Commentary. See Hand- 
book of the National Conference of Commissioners on Uniform State 
Laws (1952), pages 251-273. The act was adapted and enacted by 
New York, Illinois, and Canada. 

Study and Revision of Sentencing Provisions Relating to Minors— 
for the New York State Department of Correction. For the statute, 
see chapter 803, New York Laws of 1954; the accompanying study was 
eprOanees by New York’s Temporary Commission on the Courts. 

Proposed Drafts and Section-by-Section Commentary on New York 
City Charter Provisions for a City Administrator—for the New York 
State Temporary Commission To Study the Organizational Structure 
of the Government of the City of New York. See the commission’s 
second and final report (February 1, 1954), pages 29-50. 

_ Model State and Regional Planning Law—published (1955) by the 
National Municipal League. 

Revision of Handbook on Interstate Crime Control—for the Council 
of StateGovernments. Publication expected shortly. 

Interstate Compact on Juveniles—prepared under sponsorship of 
the Council of State Governments and already ratified by Hawaii, and 
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by New York and at least 10 other States. See, e. g., chapter 155 of 
the New York Laws of 1955. 

A comprehensive 3-year revision of New York City’s public health 
laws is now under way. 


INSURANCE OF REACTOR OPERATIONS 


Staff study, Joint Committee on Atomic Energy 
November 28, 1955 


Those who will be prospective licensees of the Atomic Energy Com- 
mission have tried to obtain various types of insurance on their opera- 
tions. Apparently there are some situations which are giving the in- 
surance companies considerable trouble. 

The basic assumption which is made is that a reactor might run wild. 
If this happens, then what insurance can be obtained to protect the 
operator ¢ 

There seems to be no difficulty in workmen’s compensation and in 
insurance on the plant. There may be a little difficulty in obtaining 
use and occupancy insurance on the plant in view of the high costs 
of decontamination but, according to all that I have heard, this prob- 
lem appears to be well on the way to solution. 

This leaves the basic problem, then, of how the operator can protect 
himself against third party liability claims on a full runaway. 


1. NEED ror INSURANCB 


A. APPLICATIONS FOR LICENSES OR ASSISTANCE 


The need for an insurance program to cover the situations described 
above is shown by statements of those who would build reactors under 
programs sponsored by the Commission, or under licenses. 

In its proposal to the Commission submitted March 31, 1955, the 
Commonwealth Edison Co. of Chicago, Ill., speaking for the Nuclear 
Power Group, which also includes American Gas & Electric Service 
Corp., Bechtel Corp., Pacific Gas & Electric Co., and Union Electric 
Company of Missouri, said that its proposal is conditioned upon the 
fact that the Atomic Energy Commission shall have— 

Agreed to the assumption (conditional upon enactment hereafter of legis- 
lation empowering AEC to make such assumption) during the period of construc- 
tion of the plant and thereafter of public liability and property damage lia- 
bility resulting, directly or indirectly, from radioactivity, over and above the 
first $500,000 of such liability. 

The Consumers Public Power District of Columbus, Nebr., made 
the following statement in its proposal dated March 31, 1955: 

No satisfactory arrangement, as yet, appears possible for insurance coverage 
beyond certain base amounts; therefore, the Federal Government must provide 
coverage beyond those amounts which insurance companies will assume at 
reasonable costs. 

This statement was followed up by a statement in a letter of April 25, 
1955, supplying supplemental information: 
Under paragraph III, Cost and Operating Statements (an attachment to the 


letter), the cost for insurance ($30,000) was determined by applying the rates 
currently available for a conventional plant. The amount of insurance corre 
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sponds to that amount which would be required for a conventional plant having 
capital investments equal to the entire plant. This figure does not include the 
standard workmen’s compensation insurance normally associated with payroll. 


This attitude was shared by the Detroit Edison Co., of Detroit, 
Mich., as shown in this statement in its proposal of March 30, 1955: 


It would be important to us that the licensee corporation be reasonably sure 
of its ability to obtain adequate insurance. We understand that the Commission 
bas joined with representatives of the insurance industry in a study of this 
matter. 


The application of the Yankee Atomic Electric Co., of Boston, Mass. 
(formed by 12 New England utilities) contains the following state- 
ment in its proposal dated March 30, 1955: 


We should also feel it necessary to stipulate that adequate public liability 
insurance should be available prior to the commencement of any major con- 
struction work, at an annual cost not substantially greater than the allowance 
provided in our present estimate of operating costs. 


There is also the statement: 


Publie Hability insurance is included at $750,000 for the 5-year period and 
was arrived at by us after exploratory talks with insurance company representa- 
tives. 

B. TESTIMONY BEFORE JOINT COMMITTEE 


The subject of insurance was first brought to the direct attention 
of the Joint Committee on Atomic Energy by the testimony given 
to it during the consideration of the Atomic Energy Act of 1954 by 
Mr. Francis K. McCune of the General Electric Co. At that time, he 
made a statement, printed on pages 334-3835 of the hearings before the 
Joint Committee on Atomic Energy on S. 3323 and H. R. 8862, which 
included the following portions: 


As my final point, I would like to refer to a problem which is likely to grow 
in importance as private business will begin to play a large role in atomic develop- 
ment. I have in mind the problem of insurance for atomic risks. Inability to 
insure against such risks will provide a very serious obstacle to substantial 
private development. We very much hope that America’s private insurance com- 
panies will be able to supply adequate insurance to encourage business to invest 
in atomic enterprises * * *, We believe that private industry should carry 
its own insurance to the extent that the insurance industry can and will afford 
protection. Over and above those limits, however, we believe that the Govern- 
ment must make some provision to protect both industry and innocent people 
against the kind of catastrophe that we hope will never come. 

No matter how careful anyone in the atomic energy business may try to be, 
it is possible that accidents may occur for which that person would be deemed 
legally at fault, with resultant liability imposed on him. We believe that In- 
surance coverage for such risks will probably have to be provided if the goal 
of widespread atomic industrial progress is to be achieved. We believe that this 
protection should be a matter of law and a matter of right rather than a matter 
of moral obligation as is the case with the Texas City disaster. 


The Atomic Energy Act of 1954 contained no provision which would 
permit the Commission to insure the operations of any licensee. It 
did have adequate authority to hold the operators of the Commission 
plants harmless in the event of any atomic catastrophe, and that 
authority had been exercised in 2 or 3 contracts. With respect to 
licensees, however, there is no similar authority. On the contrary, 
the provisions of one section prohibit the Commission from indemnify- 
ing licensees. That section is section 53 (e) (8), which provides: 

Each license issued pursuant to this section shall contain and be subject 
to the following conditions—(8) the licensee will hold the United States and the 


Commission harmless from any damages resulting from the use or possession 
of special nuclear material by the licensee. 
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_ Since the posse of the act, the insurance problem has been empha. 
sized in the hearings before the Joint Committee on the Development, 
Growth, and State of the Atomic Energy Industry. Mr. Paul Mc. 
Quillen had the following to say (at p. 257) : 


Assuming that the money to build a reactor would be forthcoming, there 
remains a very great worry about protection against consequences of atomic 
accidents. As you gentlemen well know, this is not a new worry, but it becomes 
more acute as we near the day of private operation. This worry is shared by 
the equipment manufacturers and all others who would have identifiable respon- 
sibilities for parts of a reactor or its operation, as well as by the prospective 
owner of the facility. It is to be hoped that the worry will be shared by Congress 
and that the risk of loss from atomic accident will in some way be spread over 
a broad base which will make it bearable and will provide fair compensation 
for the direct victims. 


Speaking on behalf of the subcommittee on atomic energy of the 
committee on research of the National Association of Manufacturers, 
Mr. C. G. Suits concluded his remarks relevant to the problem of 
insurance with this statement: 


It should be emphasized that there is no unwillingness on the part of industry 
realistically to face up to the unusual risks of the atomic power business, but 
from the nature of these risks this protection must be accomplished by insurance. 
No company has thus far been willing or able to write the required insurance. 
The solution of this problem is very important to the future development of 
atomic power and must be faced realistically. 


In announcing to the Joint Committee that the Consolidated Edison 
Co. of New York desired to construct and operate a reactor for the 
generation of electricity without any of the assistance that others were 
requesting, Mr. Seavering said, at page 403 of the Joint Committee 
hearings: 


One topic which is the subject of a great deal of discussion currently is that of 
liability and insurance. We do not consider this question a real deterrent in 
our case. Our system is a large one and accordingly we can assume substantial 
risks. Furthermore, the reactor we are considering has certain advantages 
from the safety standpoint. The net result is that we do not believe that the 
risks from reactor operation are disproportionate to other risks which we 
have in our system. 

In any event, the additional risk resulting from the operation of the reactor 
will not arise until the reactor is finished 3 or 4 years from now. In that interval 
we are confident that the insurance industry will know a great deal more about 
the hazards involved and will work out some solutions to the problem. It may 
well be, however, that some kind of Government excess liability insurance 
similar to that contained in the war-damage law will also be necessary, especially 
to encourage development of more advanced types of reactors. We do not want 
to be understood as underestimating the general problem of liability. Certainly 
in the case of smaller companies it may operate as a serious deterrent to their 
going ahead with reactor construction ond operation. With respect to such 
smaller companies, some Government-insurance protection might be indispensa- 
ble to enlist their active participation. So far as we are concerned we intend 
to go ahead with our plans in line with our present thinking despite the existence 
of possible problems in this area. 


Similarly Adm. Earle W. Mills, speaking for Foster Wheeler Corp., 
gave this testimony before the Joint Committee (p. 493 of the hear- 
ings) : 

Another serious aspect of the insurance question that deserves the serious 
consideration of the committee is the problem of satisfying claims that might 
arise from a catastrophe in a nuclear-energy installation resulting in the destruc- 
tion of life and property or the impairment of the habitability and utility of 
property not otherwise damaged by the catastrophe. The aggregate amount of 
such claims could easily exceed the resources of any private insurance under- 
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writer, or even of groups of underwriters. These possibilities suggest that, for 
some time to come, Government must provide the enforcement and inspection 
agencies and insurance underwriters with a legal umbrella, relieving them in 
part, of the incalculable risks until experience results in reductions of the risks 
to reasonable commercial dimensions. In other words, no private insurance 
coverage would be expected to exceed a predetermined amount; the remaining 
coverage to be assumed by Government participation similar to general catas- 
trophe coverage, as developed in wartime emergencies, both here and abroad. 


Admiral Mills also added the following (pp. 498-499) : 


Going back to these two paragraphs that I had with respect, first, to the 
insurance umbrella, it is my opinion that industry should reach definite con- 
clusions as to the amount of insurance that it needs in any given project and 
together with the insurance groups develop a way of providing the maximum 
possible insurance capacity from private insurance sources. Industry, the 
insurance companies and the AEC should cooperate fully in an endeavor to 
understand the importance of insurance in the atomic-power program. All 
possible facts as to the potential risks should be developed by such a joint 
endeavor so that a complete understanding as to the amount of insurance needed 
and the risks involved, based on the available facts, are known. If these facts 
indicate private insurance capacity is insufficient to cover the risk, then private 
insurance sources should write insurance up to the limit that it is able to 
assume and, as I pointed out before, then any excess coverage could take the 
form of war risk insurance, just to use a term that we are familiar with. 

The general consensus of opinion that I have been able to develop is that 
private industry should do everything within its power to solve as much of the 
insurance problem as it can before going to the Government. If its best efforts 
in this direction cannot solve the entire problem, private industry should then 
accept the minimum amount of Government help which is necessary to solve 
that problem. 

That is the point that I want to emphasize—that Government should not sub- 
sidize this insurance protection any more than is necessary to the minimum 
amount to make such an insurance coverage feasible. 


The last statement concerning insurance was made by Mr. Francis 
K. McCune, again appearing on behalf of the General Electric Co., 
on page 549: 

Insurance: My fourth point relates to stability of investments in a very 
direct and literal manner. I am concerned about the present inability to obtain 
adequate insurance for atomic risks. A continued inability to obtain insurance 
might well prove to be a very significant impediment to widespread and rapid 
development for it may be a serious barrier to adequate financing. In our opin- 
ion, this is a problem of very great importance. We do not know what the 
proper solution may be. However, we are confident that the atomic energy 
industry, the insurance industry, and the Government, working together, can 
solve this problem. I would like to recommend that your committee actively 


study the problem and invite representatives of the insurance industry to 
present their views. 


2. Scope oF PROBLEM 


There seems to be an appalling lack of scientific analysis of the scope 
of the damage which might be caused by a runaway reactor. One 
license application before the Commission—that of the Common- 
wealth Edison Company of Chicago—has the start of a good study of 
the problem. The environmental report for the site selected for this 
reactor shows the geographical and meteorological data for the site. 
These include studies of flooding the site, prevailing wind direction, 
and amounts of rainfall. The studies appear to be very complete in the 
areas they cover. However, I find a noticeable lack of other infor- 
mation : 

(a) Nowhere in the materials is there any probable fallout pattern. 
The Atomic Energy Commission was able to put together such a pat- 
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tern for the benefit of the public press in connection with the possible 
detonation of a hydrogen bomb over the city of Washington. It would 
seem to me to be entirely feasible to obtain a similar pattern—espe- 
cially if the results of the Borax experiment, and of some of the Las 
Vegas tests and of its monitoring of its own reactors are circulated. 

(6) There is no indication of the radioisotopes which are likely 
to be unleashed into the atmosphere in the event of a possible mal- 
functioning. 

(c) There is no study of the population whom the fallout from such 
a reactor would affect. It is relatively easy to obtain this population 
study. Radio stations make this study for their coverage all the time 
and use this information in filing with the Federal Communications 
Commission and in selling station time. 

(zd) There is no study of the water sheds lying under the probable 
fallout patterns—although this would be important only if there are 
long-lived radioisotopes in the debris such as radiostrontium. 

(e) There is no study of the probable injuries which would be in- 
curred by the population under the fallout pattern—either to persons 
or to property. 

(f) There is no study of the sums which would be required to pay 
for most of those injuries to persons or to property. The insurance 
companies have this information at their fingertips.’ 

(g) There is no study of the frequency of the possibility of mal- 
functioning of reactors. One of the most important factors for the 
amount of damage which could be done is the presence of a containing 
vessel. If there is a containing vessel (and not a pressure vessel which 
is part of the structure of the reactor itself) there can be minor inci- 
dents which occur in the operation of the reactor which will not mate- 
rially affect parties outside of the container. This could have a mate- 
rial effect on the possibility of damage outside, since the container 
could hold the small incidences while giving way only for major catas- 
trophes. The point at which it would give way would depend on such 
items as the structural strength of the container, the strength of con- 
necting pipes and openings, and the requirements for escape hatches 
for employees who might be caught within the container. 

Without any scientific information before me it would be my first 
uneducated een that the funds put up by the insurance companies 
would probably be able to take care of the malfunctioning of the re- 
actor which did not rupture the containing vessel. If the containing 
vessel should be ruptured, then the insurance funds may well be com- 
pletely inadequate to take care of the catastrophe. 

The Commission so far apparently has failed to require any of this 
kind of information in its license applications which could afford a 
basis for thinking about the possibility involved in the safety of a 
reactor. 

I have heard of one study which may give a first approximation of 
this information. I have been assured that I would be able to talk 
with the people making this study in the week after Thanksgiving. 


8. GENERAL Stupies BEING MADE 


Aside from the insurance companies, there have been a number of 
groups which have begun to make studies of the problem. 
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(a) Atomic Energy Commission Insurance Study Group 

| The most important from the overall point of view is the insurance 
study group, which was formed by the Commission. This group con- 
sists of 10 representatives of the different insurance industry interests. 
Its members are: 

kK. E. Black, president, Home Insurance Co. 

Donald H. Burr, secretary, Aetna Casualty & Surety Co. 

Percy Chubb, president, Federal Insurance Co. 

Charles J. Haugh, vice president, Travelers Insurance Co. 

Manning W. Heard, first vice president and genera] counsel, Hart- 
ford Accident & Indemnity Co. 

A. B. Jackson, president, St. Paul Fire & Marine Insurance Co. 

H. C. Jones, president, Arkwright Mutual Fire Insurance Co. 

A. L. Papenfuss, vice president, Employers Mutual Liability Insur- 
ance Company of Wisconsin. 

M. B. Weber, vice president, Lumbermens Mutual Casualty Co. 

H. W. Yount, vice president, Liberty Mutual Insurance Co. 

This study group made a report to the Commission which was re- 
leased in June of this year. The report is important since it sets forth 
the conclusions which the study group had arrived at with respect to 
the insurance problems. The interim conclusions of this group are as 
follows: 

1. The catastrophe potential, although remote, is more serious than 
anything now known in industry. 

2. The possibility of a serious catastrophe seems very remote be- 
cause of : 

(a) substantial progress made in the development of controls 
to prevent a dangerous incident, and 

(6) the development of features for containment of the re- 
ren of a reactor failure should the multiplicity of controls all 
ail. 

3. The insurance capacity for the physical hazards as now appli- 
cable to more hazardous types of chemical operations appears to be 
adequate to cover atomic reactor plants. If, however, the reactor 
should be located in proximity to large existing industrial plants, the 
increased exposure of the latter may be beyond the capacity of the 
insurance industry. This question will require further study. 

4. Physical damage losses to reactors and machinery incidental to 
atomic powerplant installations can probably be handled in the same 
way that boiler and machinery coverage on extrahazardous machinery 
is now handled in other industries. Radioactive contamination of 
machinery and equipment and the containing buildings resulting from 
reactor failure presents new hazards requiring further investigation 
by the insurance industry to determine the nature and scope of cover- 
age that can be afforded. 

5. We believe that insurance against loss of use frequently purchased 
in connection with boiler and machinery or other physical damage 
Insurance presents a difficult insurance problem during the period of 
early development of industrial atomic power. Such insurance is, in 
effect, a guaranty of successful operation and it is believed that if 
any such protection is available it will be somewhat limited in amount. 

6. The workman’s compensation hazard for employees engaged in 
the operation of reactors and auxiliary equipment can be handled by 
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existing insurance facilities. The major catastrophe problem in this 
connection is with respect to employees of other plants in which the 
air or water supply might become contaminated y fission products. 

7. The public liability hazards resulting from damage to persons 
or property and arising from the manufacture, construction, owner- 
ship, or operation of power reactors can be insured by existing insur- 
ance facilities up to the limits of liability normally available to more 
hazardous types of industrial enterprises. 

8. In order to promote the insurability of such enterprises and 
increase insurance capacity, it is believed absolutely necessary that 
the present reactor safeguards committee, or similar committee, con- 
tinue to function and that stringent safety standards be maintained 
as a condition precedent to licensing under the 1954 act. This would 
involve periodic inspection as to compliance as a condition for the 
continuance of the license. 

9. Broader knowledge of the hazards and confidence with respect 
to their insurance can be built up by continuing program of liaison 
between the insurance industry and the Atomic Energy Commission 
at the engineering level, which will also serve in the evaluation of 
new risks. 

10. The present power reactor development program is largely 
experimental, which materially complicates the insurance problem in 
a new hazard. As knowledge of the basic hazards involved increases, 
the insurance market should be expected to increase its capacity. 

11. The most serious problem as to the amount of insurance available 
lies in the field of third-party liability insurance. This problem arises 
from the very high aggregate dollar amount of claims which might 
arise in the event of a possible, though not necessarily probable, 
catastrophic accident. Such claims might be made directly by the 
person suffering injury or loss, or they might arise as subrogation 
actions on the part of insurers called upon to pay the loss in the 
first instance. Claiens for property loss or decontamination paid by 
property insurers, or workmen’s compensation losses arising from 
injuries to employees in neighboring plants illustrate the subro- 
gation problem and either might be of catastrophic proportions. 

In addition to the operator of an atomic-energy plant, claims may 
be brought against any manufacturer of a component part of the 
installation which part may be alleged to be detective. Under the 
circumstances there might flow into the liability-insurance market 
from a single accident claims aggregating the total monetary damage 
assessed by the courts for loss of life, injury, or damages to property. 

Notwithstanding these complications, it is believed that the insur- 
ance industry can work out an aggregate limit of liability for all 
sre at interest substantially equivalent to those normally required 

y other major industrial enterprises. 

The insurance study group ‘sin a meeting scheduled for December 
14, at which it is expected that another report will be made. 

This means that the major problem still to be faced is the third- 


party liability. It would seem that at this point the solution to the 
insurance problem first of all depends upon the insurance companies. 
The results of their work to date are set out below in section 4. 
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(bh) National Industrial Conference Board 

The fall meeting of the National Industrial Conference Board, held 
in New York on October 26, had one topic for discussion on the insur- 
ance problems in the reactor field. The meeting was chaired by Mr. 
James L. Madden, second vice president-coordination, Metropolitan 
Life Insurance Co. The speakers and their subjects were: 

Arvin E. Upton, partner, LeBoery, Lamb & Leiby, How Can the 
Insurance Problems be Solved ? 

W. J. Satterfield, Jr., Chief, Insurance Section, United States 
Atomic Energy Commission, AEC’s Position in the Insurance 
Problem. 

Charles J. Haugh, second vice president, Travelers Insurance Co., 
Insurance Problems Arising Out of the Operation of Reactors and 
Their Solution. 

Harvey Brooks, professor of physics, Harvard University, Hazard 
Evaluating for Industrial Power Reactors. 


(c) Association of Insurance Counsels 

In August 1955, the Association of Insurance Counsels had a meet- 
ing in Washington at which there was a panel discussion of many 
of the problems in the insurance field for atomic-energy reactors. 
The panel was chaired by Brig. Gen. Harry LeBrum, partner in the 
firm of LeBrum & Doak. The participants were Manning W. Heard, 
executive vice president of the Hartford Accident & Indemnity Co.; 
Clark Vogel, attorney with AEC; and Hubert W. Yount, vice presi- 
dent, Liberty Mutual Insurance Co. Again this was a discussion of 
problems and no report was prepared or conclusion reached. 


(d) Federal Bar Association 


At the briefing conférence on atomic energy held by the Federal 
Bar Association on September 23 papers were presented in one panel 
session on the insurance problems in the atomic-energy field. The 
panel consisted of Clark Vogel, attorney with AEC; Archibald Steven- 
son, counsel, Chubb & Son, Inc.; and Ralph E. Becker, attorney. 

The topics covered were liability, indemnity, and insurance prob- 
lems created by expanded industrial and commercial activity; avail- 
ability of private insurance adequate to industry requirements; interim 
report of Insurance Study Group; need for and type of Government 
assistance. 


(e) United States Chamber of Commerce 


The United States Chamber of Commerce has established a group to 

study the problem of insurance for the atomic-energy program. This 
group is a subcommittee of the insurance committee. It consists of 
Hubert W. Yount, vice president, Liberty Mutual Insurance Co.; 
William A. Rattelman, president, National Union Fire Insurance 
Company of Pittsburgh; John V. Russell, president, Philadelphia 
Manufacturers’ Mutual Fire Insurance Co.; and Miller Bartalls, vice 
president and general counsel of Travelers’ Insurance Co. 
. The subcommittee has made a report to the full committee, which 
Is essentially a general introduction to the problems of insurance. 
The subcommittee expects to meet again after the December 14 meet- 
ing of the Insurance Study Group. 
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(f) American Bar Association 

At its annual meeting in Philadelphia in September the American 
Bar Association heard some papers on the problems involved in the 
insurance of atomic-energy reactors. These papers were presented at 
the section of public-utility law and at the insurance section of the 
American Bar Association. Stoddard M. Stevens, partner of Sullivan 
& Cromwell, presented the paper before the section of public-utility 
law, and Ambrose B. Kelly, general counsel of the Associated Factory 
Mutual Fire Insurance Companies, presented the paper to the insur. 
ance section. Again no report was made and no conclusions were 
reached. 


(g) Atomic Industrial Forum 

The Atomic Industrial Forum is just embarking on an attempt to 
sponsor an independent study of the insurance problems, using the 
legislative drafting service of Columbia University as the main body 
to make the study of the problems involved and to draft any legisla- 
tion which might be deemed necessary. This arrangement is still in 
the formative stages and has not been announced. 

The insurance committee of the forum will be sponsoring this study. 
There are at least 36 members of the forum represented on the insur- 
ance committee, with Edward Spencer, of the Detroit Edison (Co. 
acting as chairman. The legal committee is the one which is most 
closely connected with the Columbia University study and is chaired 
by Oscar Reubhausen, with Howard M. Cohen, of Sylvania Electric 
Products Co., Inc.; H. H. Holt, Jr., of Newport News Ship Building 
Co.; William S. Kennedy, of General Electric; William E. Krebe, Jr., 
of MIT; Paul McQuillan, of Sullivan & Cromwell; and John J. 
Roscia, of Chadbourne, Parke, Whiteside, Wolff & Brophy. 

An interim report is planned for March 1 with a final report for 
about December 1. 

The Atomic Industrial Forum had a part of its meeting in Septem- 
ber of 1954 devoted to the insurance problem. At the session on Sep- 
tember 28 George L. Weil, a consultant, spoke on the hazards of 
nuclear powerplants; Stuart MacMackin, of General Electric Co., 
spoke on problems of the insuree; and S. Bruce Black, president, Lib- 
erty Mutual Insurance Co., spoke on problems of the insurer. 


(h) Geneva Conference 


At the International Conference on the Peaceful Uses of Atomic 
Energy there were a number of papers given which related to the 
problems of insurance. These papers were: 

William Mitchell, General Counsel, AEC: Some Administrative 
and Legal Problems Related to the Widespread Use of High Level 
Radiation Sources. 

Dr. George G. Manov, AEC : Administrative Problems in the Indus- 
trial Utilization of Atomic Energy. 

E. C. Miller, Oak Ridge National Laboratory: Boiler Safety Codes 
for Power Reactors. 

Stephen P. Cobb, Jr., AEC, Oak Ridge, Tenn.: Problems in the 
east and Administrative Control of a Program for Distribution of 
Radioisotopes. 

W. Binks, M. Sc., F. Inst. P., Radiological Protection Service (Min- 
istry of Health and Medical Research Council) , Sutton, Surrey, Eng- 





PEACEFUL USES OF ATOMIC ENERGY 613 


land: Administrative and Legal Problems of Widespread Use of High- 
Level Radiation Sources—Industrial Health and Safety. Radio- 
logical Health-Safety Codes. 

I. R. Tabershaw, M. D., New York State Department of Labor and 
M. Kleinfeld, M. D., New York State Department of Labor: Admin- 
istration Problems in Radiation Protection in New York State. 

©. R. Williams, Liberty Mutual Insurance Co., Boston, Mass.: In- 
surance for Reactors. 

Lauriston S. Taylor, National Bureau of Standards: The Achieve- 
ment of Radiation Protection by Legislative and Other Means. 

M. L. Bugnard and J. Vergne: Regulation of the Utilization of 
Radioisotopes in France. 

K. Suzue: Administrative and Legal Problems on the Use of Radio- 
isotopes in Japan. 

4, IMpoRTANT STUDIES 


There are two studies which have appeared at this time which are 
basic to the problems involved in the insurance protection of the 
atomic-energy industry. 

(a) In the November issue of the Georgetown Law Journal is an 
article, Tort Liability and the Atomic Energy Industry, by Ralph E. 
Becker and Leo Albert Huard. This article examines the possible 
bases for liability in the atomic energy industry. It shows the likeli- 
hood that liability may be imposed upon the operators of an atomic 
reactor if there is a runaway, regardless of the negligence of the 
operator. Liability is likely to be imposed on them under the doctrine 
of absolute liability for the operation of an “inherently dangerous in- 
strumentality.” Liability is also possible under such doctrines as “Res 
ipsa loquitur” (meaning that reactors don’t run away unless there is 
some element of negligence). The article also shows that the respon- 
sibility for damages may also rest with the constructor of the reactor, 
the designer, the supplier of parts, including instrumentation parts. 

(b) In the October issue of Nucleonics is an article entitled “U. S. 
Reactor Operating History, 1943-54,” by Richard H. Graham of the 
AEC. This article is the first to set forth publicly graphs and sta- 
tistics on the operations of the AEC reactors and the amount of dam- 
age which has been incurred as a result of accidents in them. This 
article and the studies on which it is based should prove to be an impor- 
tant item in the study of the probabilities of reactor malfunctionings. 

Of course, the studies of the actual design mechanisms of the reactors 
to be insured will also have to be included in the mathematical studies 
of the chances of accidents. 


5. INSURANCE COMPANIES’ PARTICIPATION 


The various insurance companies which might be able to write 
policies for the problems involved are struggling at the moment with 
three major aspects of the problem. Their problems are complicated 
by the fact that there are actually four different groups of companies 
which are operating in the public liability field. The insurance com- 
panies are split vertically between stock insurance companies and mu- 
tual insurance companies and horizontally between underwriters of 
personal damage and underwriters of property damage. This di- 
vision has been historic in the insurance deld and has been required by 
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law until recently. Now some of the companies are bridging over 
between the fields of property damage and personal injury. 

(a) Total amount of insurance to be written: The first problem 
which the companies are facing is that of trying to put together a fund 
from which they can write policies up to a definite amount. The mu- 
tual companies are smaller in total and expect to be able to announce 
before the end of November the fact that they will have a sum of about 
$10 million, tentatively subscribed for, as the possible limit of insur- 
ance they can write on third party liability on this situation. The 
stock companies have a public statement that they hope to have a fund 
of between $10 million and $100 million and I am told privately that 
the stock companies will have a definite figure which may be in the 
neighborhood of an average of these two figures, namely, 40 to 50 mil- 
lion dollars, to announce as the tentative sum set by these companies 
by the end of 1955. At the time that these announcements will be made 
there will, however, be no announcement of the cost of obtaining the 
insurance. The companies will not have this information available for 
some time. It is expected that reactor operators will be able to pur- 
chase insurance from both the mutual and the stock companies. 

(6) The second problem that the insurance companies are wrestling 
with is the mechanism for handling this insurance, since the sums 
quoted above will be pledged by the respective companies out of their 
surpluses and will be spread over a large number of companies in both 
fields. Both the stock companies and the mutual companies are each 
studying the problems involved in having a single agency for each to 
handle the writing of this insurance. The formative problems for the 
facility are expected to be solved by the end of this year. The invita- 
tions to participate in the fund will be addressed to all companies in 
the field except only those companies which are having financial diff- 
culties at the time the invitation goes out. 

(c) The third major problem which the insurance companies are 
facing is the scope of the insurance to be written. The companies have 
not yet decided the persons for whom they will write the insurance, 
nor have they decided the benefits which will be written into the in- 
surance. The thinking seems to be that there will be one policy of 
insurance on each reactor for the benefit of the operator. Whether the 
constructor, designer, or supplier of parts would come under this in- 
surance is a problem which has not been solved. It is certainly true 
that any of these companies could be damaged very badly if they were 
not allowed to come within the protection of the basic policy. There 
are also problems as to the extent of coverage, whether the coverage 
will be merely for negligent acts or whether it will cover any injury 
caused by the reactor. The type of insurance for which damages will 
be payable under the insurance have not been resolved, nor the time 
within which claims should be brought for the insurance purposes. 
The ordinary statutory limitations of most States would preclude some 
of the damages suffered by individuals who are exposed to an overdose 
of radiation. The question of whether insurance should cover these 
injuries, even though there might be no legal liability, is one which 
the companies have not faced yet nor is there any determination as to 
whether the damages would include what might be deemed to be 
wrongful hereditary effects from the radiation. Nor has there yet 
been any determination as to whether the insurance will be only for 
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reactors in the United States or whether it will be written for reactors 
anywhere in the world. 

(d) Standards of operation: One of the major problems with which 
the insurance rie en are concerned but which does not appear to 
be too difficult at this point is the specification of standards of opera- 
tion for the insurance policy to be involved. Basically, the insurance 
companies have stated that they will rely on the standards of safe 
operation established by the Atomic Energy Commission. At this 
time they are relying heavily on the Reactor Safeguards Committee 
to set these standards. They will also rely on the Division of Inspec- 
tion of the Atomic Energy Commission to see that the standards are 
adhered to. The insurance companies plan to have their own inspec- 
tors to use persuasion on the reactor operators in the event they find 
operational standards are not being used. They also plan to make 
complaints to a division of licensing if they believe it necessary. So 
far as I have heard, the insurance companies do not intend to use any 
differential in premiums to force technical decisions on the reactor 
operators. 

(e) One other problem that the insurance companies have to face is 
the amount of protection that they will give to regular policyholders 
of fire, explosion, and accident policies for damage from radiation. 
To the extent that this protection may be over and above the policies 
presently written, they will be additional liabilities which the com- 
panies will have to consider when computing the amounts they can 
ut up for third party liability coverage. The companies will also 
1ave to consider the extent to which they would take up claims from 
their policyholders upon subrogation, and bring action against the 
reactor owners for the damages paid out under these individual policy- 
holders. 

* * * * * * * 


Thus, there are many items in the writing of the basic insurance 
which still need to be resolved before there can be any real apprecia- 
tion of the coverage which the insurance industry will give in this 
field. 


6. INSURED’S PROBLEMS 


Once the insurance companies have arrived at the figure up to 
which they will be able to insure the operation of reactors, and once 
they have determined upon the cost of that insurance, then the atomic 
energy companies will have to decide whether or not that is adequate 
insurance that they can afford. If it is still not enough, they will have 
to find some way to obtain adequate insurance. 

One solution which has been suggested is that the utilities and the 
equipment companies form a pool of their own assets and become 
self-insurers, in part. This would seem to put these companies into 
the insurance business, and may well not be acceptable to the insur- 
ance commissions of the various States. 

One other suggested solution is to have the limits of liability to third 
parties set by statute. This would of course have to be State statute 
since the laws of damage are State common or statutory laws. There 
is no constitutional basis for having the Federal Government limit this 
liability, as there is in admiralty. This approach seems to be cum- 

ersome, since it will require 48 statutes. 

This leaves Federal legislation. 
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7. FeperaL LE&EGIsLATION 


After the insurance companies and the reactor companies have made 
their decisions above, there is still the question which the Federal 
Government must face. Is the available insurance adequate to pro- 
tect the public as well as the industry ¢ 

The Senate Committee on Banking and Currency is already con- 
sidering legislation aimed primarily at flood damage, which might 
cover some aspects of the situation set forth above. The proposed 
Lehman bill includes damage by radiation squarely within its natural 
disaster coverage as well as within its atomic attack coverage. The 
staff draft bill also includes this within the scope of the bill while 
the Carlson bill and the Kennedy bill do not cover this source of 
damage. The Lehman bill provides protection to the public, without 
giving any protection to the reactor operator. 

The questions of whether there should be Federal protection, and 
if so, of whether it should be direct insurance, reinsurance or excess 
insurance, or whether it should be indemnity legislation is premature 
at this moment. Until there is a full discussion of the types of acci- 
dents for which the protection will be required, the technical method 
of handling it cannot be discussed yet. With the type and amount of 
damage depending upon such matters as the containment features of 
the reactor, it does not seem wise to study these aspects of the problems 
until the other preliminary matters have been fully studied. 

When Federal legislation is discussed, there is one feature which 
should not be neglected. Much of the possible damage which theo- 
retically could be done in the event of a rupture with a runaway 
reactor can be greatly minimized if there are affirmative steps taken 
to locate and trace the fallout cloud, warn the populace which might 
be affected, and see that adequate protective and decontamination 
measures are taken. The role which the civilian defense organization 
could play in this type of activity is apparent, and similar to the 
role that fire companies play in minimizing damage by fire. This 
whole area should have thorough exploration. 

Furthermore, there may well be a need for airing the problem in 
public in order to get public education on what would otherwise be 
a very hush hush subject. There is some fear in the circles with which 
I have communicated that the public reaction may be bad, and may 
be so adverse as to make reactor construction very unlikely. Public 
airing of the problems from the start will, I believe, remove that pos- 
sibility. ‘There is also the fear in some of the circles that any great 
reactor catastrophe will stop the atomic energy program. I do not 
believe this. It may slow it down for a time, but even the insurance 
firms found that people lived in Chicago and San Francisco after their 
fire and earthquake. 

The unanimous opinion of all I have heard is that the most likely 
cause of reactor failures is sloppiness and negligence from over- 
familiarily with the reactor for too long a period. This is as true of 
the present Commission reactors as it is of the reactors of the future 
industry. The legislative hearings should also consider means for 
prodding the Commission into a program to minimize this danger. 
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WorKMEN’s COMPENSATION ASPECTS OF THE PeaceFuL Uses oF 
Atomic ENrercy 


By Bruce A. Greene, United States Department of Labor, Bureau of Standards 


The growing use of atomic energy for peaceful purposes has intensi- 
fied the need for adequate provisions in workmen’s compensation laws 
to afford the workers full protection in the event of an injury due to 
exposure to the hazards created by atomic energy. Many of the prob- 
lems which are anticipated under the workmen’s compensation laws in 
the field of atomic energy are similar to those which already exist in 
other industries such as chemical manufacturing. However, the lack 
of any adequate experience to date with atomic energy cases makes it 
difficult to determine whether the same standards recommended for oc- 
cupational diseases in other industries will apply to industries utilizing 
atomic energy. ‘The purpose of this paper, therefore, is to raise some 
basic questions regarding workmen’s compensation problems which 
it is anticipated may arise in the field of atomic energy and to suggest 
the answers, wherever possible. 


1. Full coverage of occupational diseases should be recommended to 
protect such workers 


In general, two methods of providing coverage for occupational 
diseases are followed under the workmen’s compensation laws in this 
country. One method is called the schedule type of coverage where- 
by only those diseases listed under the eheiese in the law are cov- 
ered. The other is the full coverage type of provision under which 
all diseases are covered, usually by making the definition of the term 
“injury” broad enough to include any known diseases and any fur- 
ther unknown diseases resulting from employment conditions. The 
definition recommended by the United States Department of Labor 
for this purpose reads as follows: 

“Injury means mental or physical harm to an employee arising out 
of employment, including such disease or infection as arises out of 
such employment.” 

More than half of the laws in this country now provide full cover- 
age (see Exhibit A). This includes those States where the schedule 
type of coverage method was followed originally but full coverage 
has been obtained subsequently by adding to the list of diseases cov- 
ered a provision such as “any and all occupational diseases” or “all 
other occupational diseases,” ‘* protection to workers who are injured 
on the job to a radiation hazard is afforded also by a number of the 
States with schedule coverage which specifically include diseases due 
to exposure to radioactive substances and materials (see exhibit B). 
This makes a total of nine States which do not cover such diseases.® 

The experience in the United States indicates that, in order to give 
the worker adequate protection, full coverage of occupational diseases 
should be provided either through the definition of the term “injury” 
or by adding a catch-all provision to the schedule of diseases. A spe- 
cific list, no matter how complete when compiled, can never keep pace 
with the new diseases that emerge, because of the lag between recogni- 
tion of the disease and requisite legislative action. 


“Ohio, New York, Rhode Island, and Utah. 


* Alabama, Iowa, Kentucky, Maine, Mississippi, Montana, New Hampshire, Tennessee, 
and Wyoming. 
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2. Unlimited medical aid should be granted to the worker without 
regard to the period of time required or cost involved 

One of the most important provisions of workmen’s compensation 
laws relates to the extent to which the worker is entitled to medical and 
hospital care in event of an injury while on the job. Most of the 
workmen’s compensation laws in the United States provide for un- 
limited medical aid (see exhibit C). Examples have been cited where 
the medical cost has been over $100,000 in a single case which the 
employer or his insurance carrier have paid. In some of the States, 
the unlimited medical benefits are granted specifically by statute. In 
other States, the statutes may prescribe medical aid subject to a certain 
maximum cost or period of time but give the workmen’s compensation 
agency authority to extend the benefits for such time or amount as it 
may consider necessary. It is assumed that in such States injured 
workers would generally receive the benefit of full protection against 
the.cost of medical care. 

About one-third of our laws still limit the cost of medical aid or 
the period of time in which it may be given or include both types of 
limitations. In such States, however, it is not uncommon for the 
employer or insurance carrier to provide medical care over and beyond 
the legal requirements. Most employers generally recognize that the 
best medical care reduces their costs by lessening the period during 
which such care is needed, and in many cases, lessening the degree of 
permanent disability suffered by the worker. 

The International Labor Organization, the United States Depart- 
ment of Labor, and the International Association of Industrial Acci- 
dent Boards and Commissions, composed of representatives of the 
various State and Canadian Provincial workmen’s compensation 
agencies, have always favored unlimited medical benefits as the desir- 
able standard for workmen’s compensation laws. Radiation diseases 
are usually slow in developing and may extend over long periods of 
time resulting in a heavy medical eost. Workmen’s compensation 
laws should be designed to give full medical protection to the worker 
who suffers such an injury. 


3. What type of provision regarding selection of doctor and super- 
sion of medical care under workmen’s compensation law should be 
adopted to assure that specialists in radiation diseases will b 
available to treat workers suffering with such diseases? 

The medical-aid provisions of workmen’s compensation laws involve 
the problem of the method in selecting the physician or surgeon to 
attend the injured worker. Various methods are provided for under 
the laws. A survey of the provisions for selection of attending physi- 
cians made by the statist sabegminitins of the LAIABC in 1949 showed 
that, in most States, the law provides for the choice to be made directly 
by the employer or insurance carrier. In a few States, the selection 
is made by the worker from a panel made up by the employer or carrier. 
In about one-fourth of the States, the worker has some form of “free 
choice” but only a few of these authorize unlimited “free choice.” In 
actual practice, it is quite common for employers or insurance carriers 
to forgo their legal rights and to allow the worker his choice of 8 
physician. 

The key to the provision for selection of the doctor is the extent 
to which supervision over medical care is exercised by the workmen’ 
compensation agency. In supervising medical care, compensation 
officials state that one of the main points to control is that the injured 
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worker is treated by a physician, surgeon, or specialist whose com- 
petence to treat the type of injury sustained has been determined by 
recognized medical organizations. Inexpert medical care often proves 
expensive and may have a very harmful effect on the rehabilitation 
of the injured worker. 

Since relatively few doctors are experienced with and qualified to 
handle radiation disease, it is important thet the worker who is suf- 
fering from such disease has the opportunity to consult a specialist, 
whenever this is possible. 

Regardless of the method of selection of doctor being followed, it 
is extremely important that the workmen’s compensation agency be 
given the necessary authority and medical staff to supervise and con- 
trol the quality of the medical treatment being given to the injured 
worker. This should include the authority to request a change in the 
doctor, hospital, or other medical facility whenever in the judgment of 
the administrative agency such change is desirable or necessary. 


j, Should the same type of medical evidence be required to prove the 
origin of the disease in radiation cases as in other diseases or 
should special provision be made for such evidence? 

One of the most difficult problems in many workmen’s compensation 
cases involving occupational disease is the difficulty of proving causal] 
relationship between disability and employment. This may be par- 
ticularly true in radiation diseases since so little is known about these 
diseases and how much explosure is required to cause an injury. To 
facilitate presentation of evidence by an injured worker in such cases 
some method or special provision should be designed for workmen’s 
compensation laws. The workmen’s compensation law might include, 
for example, a specific presumption provision stating that for the 
enforcement of a claim under the workmen’s compensation law, it shall 
be presumed, in the absence of substantial evidence to the contrary, 
that disability or death which is found attributable to the effects of 
radiation, either directly or by aggravation of underlying pathology, 
arise out of and in the course of employment where radio-active sub- 
stances were used. Other possible methods should be studied to meet 

this problem. 


). Should the usual time limits for filing claims or for liability in 
workmen’s compensation cases be amended to meet the special 
problems where such disease may be slow in developing and dis- 
ability may not occur until §, 10, or more years after last exposure? 

Time limitations for filing claims or for liability in workmen’s com- 

pensation laws based on date of injury or date of last exposure may 
deny a worker with a radiation disease his right to compensation. 
Where a disease is slow in developing, such time limitations may ex- 
pire before the injured worker suffers a disability or before he knows 
that he is suffering from such disease (see exhibit D). Specialists in 
radiation diseases report that the long-term effects of radiation to an 
individual may not appear for as long as 30 or more years after the 
primary ee 

_One method of meeting this problem is to provide that the time 

limitation shall not begin to run until the employee knows or ought to 

have known the nature of his disability and its relation to his employ- 
ment. Further study should be given to this whole problem of the 
extent to which time limitations should be relaxed in radiation cases 
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including the possibility of a time limitation provision which would 

not begin to run until the injured employee suffered a loss of wage. 

earning capacity. 

6. What method of insurance is considered best, Government or pri- 
vate, in view of the uncertainty of the hazards involved and the 
large scale destruction which might result from one accident? 


At the present time, workers employed in plants producing atomic 
energy in the United States are protected by the State workmen's 
compensation law for the State where the plant is located. Under an 
arrangement between the Federal Government and the private con- 
tractor who operates the plant, the private contractor is reimbursed by 
the Federal Government for the full cost of workmen’s compensation 
protection. The usual type of workmen’s compensation insurance 
system has not been followed, therefore, in such plants as a means of 
protecting the employer against any claims which may arise due to 
radiation diseases. 

With the extension of the use of atomic energy for peaceful uses, 
and particularly the installation of atomic reactors, a study is needed 
to determine whether private insurance carriers, State funds, or self. 
insurers will be willing and able to handle radiation hazards or 
whether some other system such as a special Government reinsurance 
fund, or other type of fund can be designed to meet this problem. The 
employer shoal bene available to him at reasonable rates some method 
of insuring himself against the uncertainty of the radiation hazards 
and the large-scale destruction which might result from one accident. 

One of the most difficult insurance problems which will require care- 
ful study and may involve special insurance arrangements is in re- 
gard to radiation injuries which may occur to employees as a result 
of their employment in a plant located in the vicinity of a plant utiliz- 
ing atomic energy. The application of third-party liability proce- 
dures under workmen’s compensation laws in such cases will require 
study as to the extent to which a special Government insurance plan 
or other system may be needed to cover such contingencies. 


7. Should any special methods or techniques for administration of 
cases involving atomic energy diseases be recommended, such u 
special boards? 

The Wisconsin compensation authorities, who have had the longest 
experience in this country with the operation of full coverage for occu 
pational disease, state that the settlement of occupational disease 
claims is no more difficult than adjudication of accidental injury cases 
and that no special administrative machinery is needed. Nevertheless, 
in some States the administration of the occupational disease pro- 
visions has been handicapped by the establishment of elaborate proce: 
dures and arrangements, such as medical boards, for settling occups- 
tional disease claims. The primary purpose of such machinery was 
to safeguard against any abuses of the coverage of occupational dis- 
eases. 

Whether radiation diseases would require any special administrs- 
tive methods or techniques is a question which should be studied. A 
subcommittee on industrial relations of the American College of Sur- 
geons did recommend in 1954 that “panels of impartial medically 
qualified experts should be established within the compensation sys 
tems” to assist the compensation agencies in the performance of thel! 
duties. The decision of thesa medical panels would be advisory only 
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and the final decision would be made by the head of the workmen’s 
compensation agency. A panel, for example, on radiation diseases 
might be very useful in determining the relationship of the disease and 
employment in contested cases. It might also be of great assistance 
to the medical director of the workmen’s compensation agency in su- 
nervising the adequacy of medical care and the need for medical re- 


i 


habilitation for workers injured due to exposure to radiation hazards. 


8. The amount of compensation benefits should be the same for radia- 
tion diseases as for other industrial injuries 

Under the workmen’s compensation laws in the United States, the 
benefits for disability in case of occupational diseases are usually the 
same as for accidental injuries except with respect to silicosis, asbes- 
tosis, or other dust diseases. Because of the fear of a heavy compen- 
sation cost for dust diseases, some State workmen’s compensation laws 
have placed special limitations on the benefits payable in such cases. 
However, the trend in recent years has been to remove such limitations 
and to treat all occupational diseases in the same manner as other 
injuries. The experience of a number of States has indicated that 
there is no valid reason why compensation for occupational diseases 
should be different than for other industrial injuries. 


9. Should second-injury fund provisions be expanded to cover workers 
who are suffering from radiation diseases to facilitate their reem- 
ployment? 

Workers who are suffering from radiation diseases but who may 
not be totally disabled may find difficulty in obtaining a job. Employ- 
ers may hesitate to employ such disabled workers for fear of being 
liable for a heavy workmen’s compensation cost if they should suffer 
further injury. ‘To meet such problems, second-injury funds have been 
established under most of our State workmen’s compensation laws 
so that when a second injury occurs the employer has to pay only for 
the last injury, the remainder of the award being paid from the fund. 
The disabled worker receives full benefits for the disability resulting 
from the combined injuries. 

Most of our second-injury fund provisions are limited at the present 
time to the loss of an arm, leg, eye, or other member of the body. 
Consideration should be given to broadening the coverage of such 
funds to include any type of permanent disability. This type of pro- 
vision would facilitate the employment of workers disabled because 
of radiation disease and would help to prevent pressure on such work- 
ers to waive their right to compensation in the event of a second 
injury. Such waivers are now restricted or prohibited in most 
Jurisdictions, 

The method of financing the second-injury fund differs in the 
various State laws. The funds are usually supported by an assessment 
against an employer or his insurance carrier in “no dependency” death 
cases. In some States the funds are supported by an assessment based 
on total premiums collected or total compensation payments, In a 
~ — an appropriation by the State legislature is made to the 
und. 


10. How should the liability be apportioned in cases where the disabled 
worker was exposed in a number of plants to the hazards creating 
his disability? 

Two principal methods of determining liability in occupational dis- 
ease cases are followed by the States where a disease, such as silicosis, 
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may have been contracted through employment by more than one 
employer. In some States, the liability may be apportioned among 
all the employers involved. In other States, the Miabilit may be 
charged entirely against the last employer who permitted the worker 
to be exposed to the hazard. 

The apportionment of liability among a number of employers creates 
difficult administrative problems. The problems of how much should 
be apportioned to each employer, what to do in case of uninsured em- 
ployers who may have moved out of the State or gone out of business, 
ae how to obtain the necessary evidence to show causal relationship 
where the exposure occurred many years ago are among those to be 
solved where this method of handling occupational disease cases is fol- 
lowed. On the other hand, the charging of compensation only against 
the last employer may be unfair where the injured worker was en- 

loyed for a relatively short time in comparison to the period employed 

y the other employers. Consideration should be given to use of sec- 
ond-injury funds in such cases to reduce the cost assessed against last 
employer. 

Radiation diseases are among the slowly developing occupational 
diseases. The exposure in such cases may occur, therefore, in more 
than one employment and the problem of apportioning liability should 
be included in any study to be made of the workmen’s compensation 
aspects of such diseases. 


CONCLUSION 


The questions raised in this paper point up some of the problems 
which we anticipate will come under the workmen’s compensation laws 


in the field of atomic energy. In order to provide the answers to 
these questions, an exchange and pooling of ideas and experience be- 
tween the various States on the administration and — of 


workmen’s compensation laws would be desirable. For this purpose, 
the United States Department of Labor, in cooperation with the 
Atomic Energy Commission, International Association of Industrial 
Accident Boards and Commissions, and other interested organiza- 
tions, is the logical agency to make the necessary arrangements for 
such an exchange. 

Several States *° have already adopted legislation or have set up 
special committees to provide for studies of the need for changes in 
the State laws or regulations, including workmen’s compensation 
laws, as the result of the use of atomic-energy materials. The United 
States Department of Labor can serve as a clearinghouse of infor- 
mation to such States and to other States which may undertake such 
studies. 

A suggested draft of a workmen’s compensation act will be avail- 
able shortly from this Department for discussion purposes and will 
offer some proposed solutions to the problems mentioned in this 
statement. This draft bill is based on the best experience of the 
various States and can be a starting point for the development and 
promotion of recommended workmen’s compensation standards to 
provide full protection to workers who suffer an injury due to ex- 
posure to radiation hazards. 


* Connecticut, Illinois, Maine, New Hampshire, New Jersey, and Rhode Island. 
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EXHIBIT A 


Coverage of occupational diseases 


Schedule coverage 


No coverage of occu- 


pational diseases 


| Number of 
Jurisdiction | diseases! || 


j | 

aska. (?) || Mississippi. 
i rvonans. 36 || Wyoming. 
California. 24 | 
Connecticut. G 25 
Delaware 11 
District of Columbia. c 16 
Florida. vans' 12 || 
Hawaii. Kentucky..--- De accel 
Jilinots. Louisiana....-- 5S, sacs alive Sosa 
Indiana. 
Maryland. ST nk tinscenicncne awl 
Massachusetts. New Hampshire 
Michigan. New Mexico 
Minnesota. North Carolina 
Missouri. Oklahoma 
Nebraska. Pennsylvania 
Nevada Puerto Rico 
New Jersey. 
New York. 
North Dakota. 
Ohio. 
Oregon. 
Rhode Island. 
South Carolina. 
Utah. 
Virginia. 
Washington. 
West Virginia. 
Wisconsin. 
United States: 

Civil employees. 
Longshoremen’s Act. 


~ 
on 





rm RO CO 
Conwn- 


$20 
25 


ed 
soo 


!In some States the number of diseases refers to “‘group of diseases.” 

1 Covers pneumoconiosis, including silicosis, and anthraco-tuberculosis, aluminosis, and other specified 
dust diseases, 

‘ Covers only injury or death by gas or smoke in mines and poisonous gas in any occupation. Voluntary 
as to silicosis. 

‘No provision in Workmen’s Compensation Act for medical benefits, but separate act provides for pay- 
ment of $60 per month from public funds to persons totally disabled from silicosis, if they have been residents 
of the State for 10 years. 

' Covers silicosis and other pulmonary diseases, anthrax, lead poisoning, dermatitis venenata, and diseases 
due to the inhalation of poisonous gases or fumes 

* Manager of State insurance fund, with approval of the Secretary of Labor, may add other diseases. 

’ Full coverage permissible, 


Source: U. 8, Department of Labor, Bureau of Labor Standards, November 1955. 


ExuHIsit B.—States with schedule coverage of occupational diseases which 
include radiation diseases 


Occupational diseases 


Vereen of skin or destruction of tissue due to roentgen rays or radium emana- 
tions. 
Poisoning or disease caused by exposure to radioactive materials, substances, or 
machines, or fissionable materials. 
Diseased conditicn caused by exposure to X-rays or radioactive substances. 
Radium poisoning or disability due to radioactive properties of substances or to 
roentgen rays. 
a condition caused by exposure to X-rays or radioactive substances. 
0. 
All diseases directly traceable to fissionable materials or radioactive materials. 
Radium poisoning or an fd by X-rays. 
Diseased condition caused yi exposure to X-rays or radioactive substances. 
Radium poisoning or disability due to radioactive properties of substances or to 
roentgen rays. 
Ulceration of skin or destruction of tissue due to prolonged exposure to roentgen 
rays or radium emanations. 
condition caused by exposure to X-rays or radioactive substances. 


70101—56—vol. 2——41 
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Exnuisit C 


Statutory provisions relating to medical benefits 


Full benefits Limited benefits 


Law limits 
period or 
‘ = a but 
aw specifies} authorizes 
full benefits | administra- Period 
tive agency to 
extend with- 
out limit 


Amount 


90 days...... 


6 months__-_. 
10 weeks 4... 


Kentucky 

Louisiana ; 
18 months... 72 50 

Nevada ! 6 momtne ©. .}............. 

Pennsylvania 120 days *®___ 945) 

South Dakota 


Michigan 
Minnesota 
M ee 
Missour 


New Hampshire 
New Jersey 
New Mexico......-.-.-.-- 


Federal employees. 
Longshoremen. 


1 Limited benefits for occupational diseases, Arizona and Utah. Limited benefits for silicosis and asbes- 
tosis: Arizona, Arkansas. Illinois, Maine, Utah, Nevada, Vermont, West Virginia. In West Virginia 1 
allowance for medical treatment for silicosis. 

2 Full medical aid, in the judgment of the Arizona Industrial Commission, is authorized through a com: 
bination of the medical care and rehabilitation provisions of the law. 

’ eryane and Ohio laws'set no initial amount or period; all medical benefits authorized by adminis 
trative agency. 

4 Period may be extended for additional time, and amount not exceeding $375. 

§ $1,000 maximum for hospital service and supplies and $500 for medical and surgical services. Com: 
mission may authorize an additional $1,000. 

¢ In extreme cases, Commissioner may require employer to furnish care for a longer period. 1n case of 
occupational disease, an ndditional 90 days. 

7 Ln cases of total disability where the $2,500 is insufficient to meet all hospitalization expenses, $1,000 a¢- 
ditional may be allowed. 

8 May be extended for specified limited period of time. 

* Amount expended for medical services and supplies limited to $450. In addition, hospital services are 
also allowed for the 120 days. 

1® Also, hospital benefits not to exceed $700. 

11 Additional $800 may be authorized. 


Source: U.S. Department of Labor, Bureau of Labor Standards, August 1955, 
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Exursit D 


Trme LIMITS ON LIABILITY FOR RADIATION Diseases BASED ON Date or Last 
EXPOSURE 


Mazimum period of time after last injurious erposure 


Period Period 
o 


of 
time time 


Arizona 120 | Minnesota 1 
Arkansas 1) Nebraska 2 
Colorado ’ 120 | Pennsylvania 3 
Georgia South Carolina 1 
Niineh. ..anaied aie italien mall do___ South Dakota 1 
Indiana 1 
Iowa days. 120 
Maryland yeurs.. 2 





BACKGROUND MATERIAL FOR CHAPTER 15 
OWNERSHIP AND LICENSING 
Srarr Dicest oF LICENSING AND REGULATION SEMINAR SUMMARY 


OcrToBerR 19, 24, anp NovemsBer 7, 14, 1955 


Participants: 

Robert D. L’Heureux, discussion leader, special counsel on tele- 
vision, Senate Interstate and Foreign Commerce Committee, 
Washington, D. C. 

Mr. Lowell Goerlich, associate general counsel, International 
Union, United Automobile, Aircraft, and Agricultural Imple- 
ment Workers of America, Washington, D. C 

Mr. John D. Lane, attorney at law, Norwalk, Conn. 

Mr. John L. Menson, assistant chief engineer, Combustion Engi- 
neering, Inc., New York, N. Y. 

Mr. Fletcher Plumley, assistant to the executive vice president, 
Reynolds Metals Co., Washington, D. C. 

Mr. Donald G. Welsh, patent counsel, Department of the Inte- 
rior, Washington, D. C. 


The following background material was furnished to the seminar 
participants : 

1. The Atomic Energy Act of 1954. 

2. A status report prepared by the Atomic Energy Commission of 
all license applications received up to mid-August 1955. 

3. Copies of all regulations proposed or issued under the Atomic 
Energy Act of 1954 by the Atomic Energy Commission. 

4. A statement of views and position of the Atomic Energy Com- 
mission with regard to licensing and regulation. 

The seminar was asked to examine the following three questions: 

1. Is there a need for licensing and regulation in the atomic-energy 
field ? 

2. If licensing and regulation is needed, should it be Federal, State, 
or in cooperation with industry ? 

3. If licensing and regulation are required, what form should they 
take? This question had the following subparts: 

(a) Are licensing requirements and regulations, either in ef- 
fect or proposed, in conformity with the intent of the Atomic 
Energy Act of 1954? 

(6) Should further regulations be issued in order to carry out 
more fully the intent of the act ? 

(c) Are the provisions of the act with respect to licensing and 
regulation adequate or should they be amended and, if they re- 
quire amendment, what form should these amendments take? 


627 
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CONCLUSIONS AND RECOMMENDATIONS 


1. The licensing and regulatory provisions of the Atomic Energy 
Act of 1954 are appropriate and adenuate, insofar as can be determined 
at this time. 

2. In most instances the Federal Government should establish mini- 
mum regulations governing atomic energy activities; in some areas, 
such as safety, it may be appropriate for the Federal Government to 
establish minimum and maximum regulations, thus preempting these 
areas from State, local, or industrial regulation to insure uniformity. 
In other areas, guidance should be given by the Commission to the 
States in establishing uniform and adequate State standards. 

3. The Atomic Energy Commission has acted wisely in seeking ad- 
vice from industry in formulating its regulations thus far. The Com- 
mission would be well advised to set up regular advisory committees 
with representative membership to guide it in the administration and 
modification of regulations. 

4. Though the Commission has acted effectively thus far in formv- 
lating and issuing regulations, the Commission should be urged to 
expedite the issuance of all necessary regulations, rules, and pro- 
cedures contemplated by the act. 

5. Five out of six of the seminar participants observed that the 
finding of practical value required by section 102 is a bar to the 
granting of class 103 licenses. This bar now is fully controlled by 
the Commisison. The Commission should be encouraged to develop 
and issue a set of procedures (a) to limit the granting of class 104 
licenses to proposals that are truly experimental both as to purpose 
and scale of operations, but not so as to confine the issuance of class 
104 licenses to unique or dissimilar proposals, and (0) establish definite 
criteria for determining that other proposals are for commercial 
purposes and therefore subject only to class 103 licenses. If the Com- 
mission finds it cannot accomplish this by administrative action, the 
act should be amended to require the Commission to issue a class 103 
license upon a request from the applicant based upon a finding in 
writing of practical value which shall be made by the Commission 
upon a showing by the applicant that the type of production or utili- 
zation facility proposed is technically capable of accomplishing the 
purpose or purposes for which it is intended without regard to 
economic considerations. 

6. A continuous study should be carried on by the Joint Committee 
or an advisory body to the committee in order to determine the ef- 
fectiveness of the licensing and regulatory actions of the Commission. 
Among other things, study should be made of the case history of li- 
cense applications in order to determine if the multiple-license require- 
ments of the act are unduly onerous. 

7. The finding in section 2 (h) that national security requires that 
title to all special nuclear material remain in the United States ap- 
pears of questionable value in view of the licensing provisions of the 
act. Restudy of this basic element of the act would be in order. 
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SUMMARY OF DISCUSSION 
A. THE NATURE AND INTENT OF LICENSING AND REGULATION 


At the request of the seminar one of the members prepared a docu- 
mented background paper on licensing and regulation and authority 
therefor. It was the conclusion of this paper that the Federal Gov- 
ernment has power to regulate activities hazardous to the public in 
connection with its other powers, such as that to regulate trade and 
commerce. The licenses authorized under the Atomic Energy Act 
of 1954 are primarily for pa erg ag oses and are therefore con- 
trol measures to give the licensing body, the Atomic Energy Commis- 
sion, an opportunity to supervise the activities of the licensee to de- 
termine whether statutory requirements and regulations are being 
observed. In this connection, licenses under the Atomic Energy Act 
of 1954 meet the first function of a license which is to apprise the au- 
thorities that someone is engaging in a particular business or activity. 
It was concluded that there can be no doubt that the Federal Govern- 
ment can resort to licensing in the field of atomic energy in connection 
with the exercise of its power under article 1, section 8 of the Consti- 
tution of the United States “to provide for the common defense,” “to 
regulate interstate and foreign commerce,” “to raise and support 
the Army and Navy,” “to make all laws necessary and proper which 
carry to execution the foregoing powers, and all other powers vested 
inthe United States Government or any department or officer thereof.” 

The seminar observed that, in its opinion, it would be rashly im- 
prudent for the Federal Government to fail to license or regulate 
atomic energy in the interest of the security of the Nation and the pub- 
lic health, safety, and welfare. 


B. FEDERAL VERSUS STATE VERSUS INDUSTRIAL REGULATION 


Although the States generally exercise police powers to protect 
the public health, safety, and welfare, the Federal Government may do 
so In connection with the power it has been granted by the Constitu- 
tion. Under its war powers “to provide for the common defense” 
and its power to regulate interstate and foreign commerce, as well as 
its implied powers, the Federal Government has ample authority to 
license activities of all persons under its jurisdiction engaged in the 
use or development of atomic energy as it has done in the Atomic 
Energy Act of 1954. 

The real issue examined by the panel was not what body has the 
authority to license and regulate atomic energy activities, but rather 
who, as a practical matter, should do so. In this connection, the 
seminar noted that the Federal monopoly of atomic energy has only 
recently been voluntarily terminated. Only the Federal Government 
today is fully cognizant of all aspects of atomic energy. For reasons 
of national security, certain data continues to be accessible only to a 
limited number of persons within or under the direct control of the 
Federal Government. State and voluntary industrial bodies have 
demonstrated competence in the past to devise and impose safety regu- 
lations, but it would appear too early to entrust all licensing and reg- 
ulation of atomic energy activities to any authority other than that 
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of the Federal Government at this time. In reaching this conclusion, 
the seminar emphasized that as technology becomes available to an 
increasing number of people, the day may come where a wider distribu. 
tion of authority between Federal and State governments and volun. 
tary industrial associations may be desirable. The seminar made no 
attempt to estimate when such a time might arrive. 

The seminar noted present Commission policy to cooperate with the 
States and to utilize to the maximum extent practicable the normal 
regulatory functions of State agencies. This policy appeared to the 
seminar to be indicative of a reasonable and enlightened attitude on 
the part of the Commission. It was also observed that the Commis- 
sion can and should cooperate with industry and, without delegating 
its discretions and functions to industry, it can adopt safety codes de- 
veloped by industry with respect to such items as boilers, pressure ves- 
sels, and piping. At least this should be possible when the Commis- 
sion finds that such codes are sound and that they adequately protect 
the public health, safety, and welfare. 

The seminar came to the conclusion that the Commission should not 
only set minimum standards which might be amplified by the States, 
but that in some instances it should set maximum standards with 
respect to certain essential components of production and utilization 
facilities. The imposition of additional and unnecessary require- 
ments by regulatory authority other than the Commission might 
retard research and development in the field of atomic energy. For 
this reason, the Commission might well consider preempting the field 
of regulations in certain areas by setting maximum standards. The 
seminar noted that historically State legislatures and local public 
bodies are subjected to strong pressures for the imposition of unreason- 
able and restrictive requirements which can go so far as to retard 
research and development and stifle the rapid development of new 
technologies under the guise of protecting the public health, safety, 
and welfare. It is essential that this situation be avoided through 
firm exercise of Federal authority. 


C. LICENSING REQUIREMENTS AND REGULATIONS IN CONFORMITY WITH 
THE ATOMIC ENERGY ACT OF 1954 


The regulations issued and proposed by the Atomic Energy Com- 
mission generally follow the dictates of the Atomic Energy Act. In 
implementing the substantive and procedural provisions of the act, 
the regulations follow closely the pattern of similar patent or compa- 
rable regulations in other Federal administrative bodies. 

Fifteen months after the enactment of the new law, there is only one 
regulation issued. Other regulations are in the proposal stage or still 
in the process of formation. The seminar found no evidence that this 
delay in issuing regulations has retarded the participation by private 
industry in research and development or that any applcant has been 
denied a license because of the absence of regulations concerning such 
a license. The seminar recognized that the present uncertainty as to 
the status of regulations may have an adverse effect a“ potential ap- 
plicants for licenses. There are 12 applications in all on file with the 
Atomic Energy Commission relating to reactors. Two of these are 
for power reactors and 10 for research reactors. It is too early to 
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decide whether the multiple-license requirements of the act are unduly 
onerous or whether they are so designed and used to expedite the 
widest possible participation by private enterprise in research and 
development. 

Needless controversies and causes of friction between the Commis- 
sion and private industry in the future could be eliminated by certain 
steps which the Commission could take now. These steps are: 

1. Expedite the issuance of regulations, rules, and procedures. 

2. Five out of six of the seminar participants concluded that the 
Commission should develop and issue at the earliest possible date a 
set of procedures designed (a) to limit the granting of class 104 
licenses to proposals that are truly experimental both as to purpose 
and scale of operation, but not so as to confine the issuance of class 104 
licenses to unique or dissimilar proposals, and (0) to establish definite 
criteria for determining that thes proposals are for commercial pur- 
poses and therefore subject only to class 103 licenses. This is essential 
to avoid the danger that the intent embodied in certain provisions of 
sections 31, 103, 105, and 182 may be circumvented and interest in class 
103 licenses stifled. Specifically, the seminar recommended that the 
regulations, or the act if necessary, be amended to require that the 
Commission issue a class 103 license upon a request from an applicant 
and that the issuance of such a license be based upon a written finding 
of practical value made by the Commission, as required by section 103, 
upon a showing by the applicant that the type of production or utiliza- 
tion facility proposed is technically capable of accomplishing the 
purpose or por for which it is intended without regard to the eco- 
nomics of the particular application. 


D. NEED FOR FURTHER REGULATIONS 


The seminar observed that it is still too early to judge from practical 
experience whether the Commission’s proposed regulations pertaining 
to licensing are adequate. They appear to be well designed to en- 
courage cooperation by the public in the development of the tech- 
nology invodved while protecting the rights of the individual and the 
Nation. 

From the number of license applications submitted thus far, the 
seminar noted it could be inferred that there is some reason for delay 
in “getting the civilian uses of the atom off the ground.” The mem- 
bers of the seminar concluded, however, that this delay is not primarily 
attributable to the actions or failures to act on the part of the Commis- 
sion with regard to the issuance of regulations or licensing procedures. 
Instead, the seminar discussions indicated that the causes of delay, 
insofar as they lie in the administrative jurisdiction of the Commis- 
appear to stem from other areas. (See Additional views, Item 


E. POSSIBLE LICENSING AND REGULATION AMENDMENTS TO THE ACT 


The seminar participants concluded that it is still too early to judge 
from practical experience whether the licensing and regulatory pro- 
visions of the act are adequate. After examination of the regulations 
issued and proposed and the methods employed by the Commission 
in formulating the regulations, it was the opinion of the seminar that 
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the intent of the act is being carried out by the Commission. More 
experience is required before the effectiveness of that intent can be 
evaluated. 

F. ADDITIONAL VIEWS 


The seminar discussions went beyond the questions posed, especially 
with regard to the issue of whether private activity in the field of 
atomic energy development is being delayed as a result of the conduct 
of the Commission with regard to licensing and regulations. The fol- 
lowing additional views were expressed : 

1. Declassification of information and access permits 


Until qualified “a So have ready access to declassified and classified 
information, applications for licenses will lag. Individuals and or- 
ganizations must first know the basic elements of the technology in- 
volved before they can determine the extent of their interest. The 
information must be cataloged and put in usable form before it can 
be widely used. This requires Commission personnel, and the Cum- 
mission should seek adequate funds for these purposes. Failure to 
do this will especially penalize small-business enterprises which have 
not had the benefit of acquiring know-how in connection with Gov- 
ernment contracts in atomic activities in the past and which do not 
have the resources to search out the pertinent data on a “come-and- 
get-it” basis. 


2. Government financing of reactor projects 


The Commission should act boldly in encouraging the development 
of reactor projects. The ever increasing availability of nuclear ma- 


terial should induce such a policy. 
3. Insurance 


This may be a major cause for delay in the start of large-scale pri- 
vate atomic development. While there are widespread reports that 
provisions will be forthcoming to deal with the catastrophe potential 
in atomic activities, would-be licensees must assume at this time that 
they must adhere to the provisions of the act and hold the Govern- 
ment harmless from all liability. Private insurance companies have 
not as yet indicated the maximum coverage they will extend or the 
rates they will charge. Five out of six of the seminar participants ob- 
served that as a consequence, the Government might well guarantee 
payment of that percentage of catastrophies that private insurance 
companies cannot undertake to insure. Such guarantees should of 
course of given only when the licensee has complied with all of the 
safety and other appropriate rules and regulations of the Commission. 
War risk insurance, a direct parallel with such a guaranty job, has 
already demonstrated the feasibility of intelligent Government par- 
ticipation in such ventures. 


4, Patents 


Five out of six of the seminar participants observed that the situa- 
tion with regard to patents in the atomic-energy field may be delay- 
ing private activity and believe that the patent provisions of the act 
should be restudied at the earliest opportunity. Those holding this 
view felt that normal patent rights should be granted to inventors 
unless there are compelling reasons of national security. 
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5. Ownership of special nuclear material 

Five out of six of the seminar participants questioned the need 
for both retentions of title to all coneel nuclear material by the 
Federal Government and a complex licensing and regulatory structure. 
It was suggested that section 2 (h) of the act be reexamined to deter- 
mine the accuracy of the finding. 


REASONING AND Basic Finpincs RELATING To LICENSING 
By Robert D. L’Heureux, discussion leader, licensing and regulation seminar 
(A) LICENSING AND AUTHORITY THEREFOR 


A license is a right or permission granted by some competent 
authority to carry on a business or do an act which, without such 
license, would be illegal (53 Corpus Juris Secundum 445). 

The words “license” and “permit” are often used synonymously 
(Parsons v.. People, 76 P. 666, 669, 32 Colo. 221). However, this 
paper is concerned with licenses of the kind mentioned in the Atomic 
Energy Act of 1954, and not with “access permits” issued by the Com- 
mission as a means of controlling access to classified information. 

A privilege is the exercise of an occupation or business which re- 
quires a license from some proper authority, designated by some 
general law, and is not free to all, or any, without such license 
(Draughon v. Tau-Peltelier Corporation, 126 S. W. 2d 329, 174 Tenn. 
457). In this sense, persons can engage in occupations, businesses, or 
activities regulated by license under the Atomic Energy Act only as 
a matter of privilege. 

Broadly speaking, a license is a means of regulating and tax'ng 
privileges and occupations and the use and disposal of property (/n- 
dependent Warehouses v. Scheele, 45 A. 2d 703, 184 N. J. Law 133, 
afirmed 67 S. Ct. 1062), although more precisely it is not essential to 
a license that a fee or tax be exacted in connection therewith (City of 
Fort Worth v. Gulf Refining Co., 83 S. W. 2d 610, 125 Tex. 512), and 
apart from such a fee or tax it does not constitute taxation (Pac/fic 
Telephone and Telegraph Co. v. City of Seattle, 21 P. 2d 721, 172 
Wash. 649, affirmed 54 S. Ct. 383, 291 U.S. 300, 78 L. Ed. 810). 

A license to engage in a particular calling subject to the police 
gs of a State to regulate such calling is merely the means fixed 
y the State in the exercise of such power to regulate and restrict 
the pursuit of such calling for the public good (/osenblatt v. Cali- 
fornia State Board of Pharmacy, Department, of Professional and 
Vocational Standards, 158 P. 2d 199, 69 Cal. App. 2d 69). 

The grant of a license, which is a privilege from the sovereign, can 
be justified only on the theory of resulting benefits to the public 
(Alabama Power Co. v. Federal Power Commission, 128 F. 2d 280, 
Z é oa D. C. 315, certiorari denied 63 S. Ct. 48, 317 U. S. 652, 
7 aE ° 525). 

The object of a statute or ordinance requiring such license, and in 
connection therewith a license fee or tax, may be to regulate and 
control the occupation or privilege for which the license is granted, 
so as to subserve the public good or prevent its being conducted in a 
manner injurious to the public welfare (United Enterprises v. Dubrey, 
C. C. A. Fla. 128 F. 2d 843, certiorari denied 63 S. Ct. 74, 317 U. S. 
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669, 87 L. Ed. 5387; Palmetto Fire Insurance Co. v. Beha, D. C. N. Y, 
13 F. 2d 500), or to raise revenue (Louis v. Boyntan, D. C. Kan., 
53 F. 2d 471). 

The power to license occupations or privileges or to impose an 
excise or license tax thereon is generally included in the power to tax 
for revenue (United Artists Corporation v. James, D. C. W. Va., 23 
F. Supp. 353, affirmed James v. United Artists Corporation, 59 S. Ct. 
272, 305 U. S. 410, 83 L. Ed. 256) or in the regulatory or police power, 
or it may involve the exercise of both of these powers (see footnotes 
45 and 46, 53 C. J. S. 462 for collection of cases upon these points). 

Whether a law exacting money from one conducting a business is 
enacted under the taxing power does not depend on whether the exac- 
tion is called a tax or a license fee, but on whether the primary purpose 
is to raise revenue or regulate an industry; and, if its primary purpose 
is to regulate or discourage a business, 1t involves police power (Foz 
Film Corporation v. Trumbull, D. C. Conn., 7 F. 2d 715; United 
Artists Corporation v. James, D. C. W. Va., 23 F. Supp. 353, affirmed 
James v. United Artists Corporation, 59 S. Ct. 272, 305 U. S. 410, 
83 L. Ed. 256). 

Within the limits of its constitutional powers the Federal Congress 
may regulate trade or commerce by requiring licenses and imposing 
license taxes on the businesses or occupations of individuals (Zlectric 
Bond and Share Co. v. Securities and Exchange Commission, C. C. A. 
N. Y., 92 F. 2d 580, affirmed 58 S. Ct. 678, 303 U. S. 419, 82 L. Ed. 936, 
115 A. L. R. 105). 

Under the Atomic Energy Act of 1954, licensing is resorted to pri- 
marily for regulatory purposes. A license under these circumstances 
is primarily a control measure to give the licensing body, the Atomic 
Energy Commission, an opportunity to supervise the activities of the 
licensee to determine whether statutory requirements and regulations 
are being observed. The first function served by a licensee is to apprise 
the authorities that someone is engaging in a particular business or 
activity. 

The purpose for which a license is required ray run the gamut be- 
tween that of simply furnishing an opportunity to the authorities to 
determine whether that individual is paying his taxes or charges as- 
sessed for engaging in such activity (e. g., a fishing license in some 
States or a business license with respect to a business taxed but not 
controlled by the State) , or, as is more typical and common, the license 
is required in order to serve notice upon the authorities that certain 
persons or corporations are engaging in certain activities or businesses 
which are regulated in the public interest. 

Under its police power to protect the public health, safety, and wel- 
fare of the public, the States have required licenses for businesses such 
as banking, money lending and loan brokerage, chainstores, cleaning, 
dyeing, and pressing clothes, common carriers, contracting, employ- 
met agencies, fishing vessels, theaters or places of public amusement, 
vending machines, collection of notary fees, oil production, outdoor 
advertising, racing, telegraph or telephone service. They also usually 
require licenses for professions and occupations such as law, engineer- 
ing, architecture, accountancy, and for trades such as barbers, beauti- 
cians, and master plumbers. 

Although some of the aforementioned businesses are licensed in 
some States and not in others, States generally require licenses to 
engage in businesses or activities which present a threat to the lives 
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and safety of the public, such as the manufacture of explosives, etc. 
A license is an excellent control measure with respect to this type of 
activity to inform authorities of the identity of persons involved in 
such activities and to enable the licensing authorities or police officials 
to check upon their current adherence to statutory or regulatory con- 
trols for the protection of the public. 

Provided a State or the Federal Government can be shown to have a 
legitimate interest, such as one with respect to public health, safety, 
or welfare in the case of a State, or with respect to the war power or 
national defense and security or interstate commerce in the case of 
the Federal Government, the licensing power is a measure of control 
within its power. The Supreme Court of the United States in 
McCulloch v. Maryland (4 Wheat. 316, 4 L. Ed. 579), stated : 


But we think the sound construction of the Constitution must allow to the 
National Legislature that discretion, with respect to the means by which the 
powers it confers are to be carried into execution, which will enable that body 
to perform the high duties assigned to it, in the manner most beneficial to the 
people. Let the end be legitimate, let it be within the scope of the Constitution, 
and all means which are appropriate, which are plainly adapted to that end, 
which are not prohibited, but consist with the letter and the spirit of the 
Constitution, are constitutional. 

There can be no doubt that the Federal Government can resort to 
licensing in connection with the exercise of its powers under article I, 
section 8, of the Constitution of the United States, to— 
provide for the common defense; to regulate interstate and foreign commerce; 
to raise and support the Army and Navy; to make all laws necessary and proper 
for carrying into execution the foregoing powers, and all other powers vested 
in the United States Government or any department or officer thereof. 

It does not matter that an activity is conducted entirely within a 

State, provided the Federal Government is exercising a power vested 
in it under the Constitution. Thus the power to control agricultural 
production was sustained as an exercise of the commerce power (J/u/- 
ford v. Smith, 307 U.S. 38, 59 S. Ct. 648, 83 L. Ed. 1092). Also, Fed- 
eral price and rental control was upheld as an exercise of the war 
power or emergency power related to the war power, although it 
reached out to acts done entirely within the State and not in any sense 
within the Federal power over interstate and foreign commerce 
(Lockerty v. Phillips, 319 U. S. 182, 63 S. Ct. 1019, 87 L. Ed. 1339; 
Yakus v. United States, 321 U. S. 414, 64 S. Ct. 660, 88 L. Ed. 834; 
Bowles v. Willingham, 321 U. S. 503, 64 S. Ct. 641, 88 L. Ed. 892). 
_ The war powers and the power to “provide for the common defense” 
include the power to provide for the security of the Nation. The 
courts have not been restrictive in their construction of security laws, 
such as the Espionage Act (50 U. S. C. A. 31 et seq.). (Hartzel v. 
United States, 322 U.S. 680, 64 S. Ct. 1238, 88 L. Ed. 1534). 

Although the States generally exercise police powers to protect. the 
public health, safety, and welfare of the public, the Federal Govern- 
ment may do so in connection with a power which it has been granted 
by the Constitution. Thus, for instance, the Federal Government has, 
in connection with its powers over interstate commerce, prohibited the 
carriage of lottery tickets in interstate commerce (Lottery Case, 
Champion v. Ames, 188 U. S. 321). The provision of the Federal 
Penal Code declaring it an offense knowingly to deposit with an ex- 
press company an obscene, lewd, lascivious, or filthy book, for carriage 
from one State to another, is valid (Clark v. United States, 211 Fed. 
916). The White Slave Traffic Act is a valid exercise of the power of 
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Congress ([Toke v. United States, 227 U. S. 308). <A prohibition 
against the transportation of unregistered shotguns in interstate com- 
merce contained in the National Firearms Act (48 Stat. 1236) was held 
valid (United States v. Miller, 307 U.S. 174). 

Therefore, under its war powers, to “provide for the common de- 
fense” and its power to regulate interstate and foreign commerce, as 
well as its implied powers, the Federal Government has ample author- 
ity to license activities of all persons under its jurisdiction engaged in 
the use or development of atomic energy, as it has done in the Atomic 
Energy Act of 1954. 


CoMMUNICATION From Panet to Atomic ENERGY CoMMISSION 


AvcusT 22, 1955 
* * > * - . . 


In the projected discussion by the Panel on the Impact of the 
Peaceful Uses of Atomic Energy dealing with the role of Govern- 
ment—summaries of what has happened in the following areas of 
Commission activity since August 1954 would assist * * * 

2. Ownership and licensing of construction and operation of pro- 
duction and utilization facilities: A brief summary of regulations 
issued, inquiries received, and actions taken. 

%. Uwnersnip and licensing of special nuclear material: A brief 
summary of regulations issued, inquiries received, and actions taken. 

4. Ownership and licensing of source material and of byproduct 
material: A brief summary of regulations issued, inquiries and appli- 
cations received, and actions taken. 

* * * * * * * 


9. Export-import controls: A brief summary of any changes which 
have been made by the Commission in export-import controls since 
the passage of the new law, including a summary of the kinds of re- 
quests which have been made by private industry with regard to the 
export of both production and utilization facilities and components, 
and the actions taken by the Commission on these inquiries. 

10. Parallel administrative procedures: A brief summary of the 
Commission actions with regard to the establishment of parallel 
administrative procedures as required under the new law for the 
accomplishment of “due process” in areas involving restricted data. 


CoMMUNICATION From Atomic ENercy Commission 


Ocrozer 20, 1955 


* * * * * * * 


2. OWNERSHIP AND LICENSING OF CONSTRUCTION AND OPERATION OF 
PRODUCTION AND UTILIZATION FACILITIES 


* * * 1 * * 
(a) Brief summary of regulations issued 
No final regulations have been issued. Flowever, regulations in 


effect pursuant to the Atomic Energy Act of 1946 were reaffirmed 
under the 1954 act immediately following the effective date of the new 
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act. These regulations have been modified, effective September 26, 
1955, to eliminate sections 50.71 and 50.72 which concern component 
parts of facilities. The export of these components will thereafter be 
controlled by the Department of Commerce. 

On April 15, 1955, a draft regulation was published in the Federal 
Register as 10 CFR Part 50 under a Notice of Proposed Rule Making. 

The facilities to be licensed under the proposed regulation include 
all reactors, gaseous diffusion and other isotope separation plants, 
chemical processing and fuel element fabrication plants. 

The facilities regulation applies only to complete production or 
utilization facilities and not to component parts such as control mech- 
anisms, instruments, pumps, and similar items, 

Two classes of licenses are provided. These are based on the distinc- 
tions in sections 103 and 104 of the Atomic Energy Act of 1954. 
Licenses under section 103, designated “class 103” licenses, pertain to 
facilities which may be determined by the Commission to be of prac- 
tical value for industrial or commercial purposes. The Commission 
has not yet made any such determinations. Licenses under section 104, 
or “class 104” licenses, pertain to facilities to be devoted to research 
and covenenen and to medical therapy. 

Asa preliminary to the issuance of a facilities license the regulation 
provides that the AEC shall issue a construction permit. The license 
when or will be in the same class for which the construction permit 
was issued. 


(b) Brief summary of comments received 


A number of comments have been received on this prorosed rule from 
industry and from some Government agencies. 


Principal comments include: 

(1) Questions as to our authority to regulate the use of facilities, 
as distinguished from possession. 

(2) Suggestions that Department of Defense contractors and sub- 
contractors be exempted. 

(3) Suggestion that the Department of Defense be exempted for 
production facilities such as fuel fabrication and chemical processing 
plants necessary to serve their utilization facilities. 

(4) Suggestions to clarify the construction permit procedure and 
safety reviews, safety information and safety tests. 

(5) Opposition to public inspection of applications because of dis- 
closure of trade secrets they believe will be disclosed if they provide 
the information required to be in the application. 

(6) Questions on use of information found in subsequent years, 
such as changed financial status, as a basis of canceling license if on 
the basis of such information we would not have issued the license in 
the first place. 

(7) Suggestion that preference provisions be enlarged to include 
areas of substantial labor surplus. 

(8) Suggestion that language be clarified to remove implication 
that licensees would be exempt from Federal Power Act or other util- 
ity regulatory statutes. 

(9) Request that States receive a copy of each license or permit 
issued and be notified of applications. 
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i19) Suggestions for improvement of mortgagees’ and creditors’ 
rights. 


(11) Requests for additional detail in numerous sections, including 
reporting and recording requirements. 

(12) Suggestions for close State-Federal regulations in regulating 
safety provisions. 


(c) Status of license applications received 


Attached is a recapitulation reflecting the status of applications 
received for licenses to construct, possess, and operate production or 
utilization facilities. 


Status of applications for production or utilization facilities, Sept. 27, 1955 


| Special nuclear 
material require- 
Applicant and facility type |} ments (in terms | Application received Status 
of contained U- 
235) 


Armour Research Foundation, | 1 kilogram Jan. 7% 1955 Construction permit is- 
Chicago, Il., research reactor. sued Mar. 28, 1955. 
Babcock & Wilcox Co., New | Specific quantities | Aug. 18, 1955 Application being re- 

York, N. Y., fuel fabrication not yet requested. reviewed. 
(Lynchburg, Va.). : 

Battelle Memorial Institute, Co- | 5.2:kilograms May 11, 1955 Construction permit is- 
lumbus, Ohio, research reactor sued Aug. 5, 1955. 
(West Jefferson, Ohio). 

Commonwealth Edison Co., | 4,519 kilograms over | June 27, 1955...-....| Awaiting submittal of 
Chicago, Ill., power demon- 40 years. hazards summary data. 
stration reactor (Grundy) 
County, Il.! 

Consolidated Edison Co., New | 8,550 kilograms over | Mar. 22, 1955 Do. 
York, N. Y., power uemon- 40 years. 
stration reactor (Westchester 
County, N. Y.). 

Cook Electric Co., Chicago, Ill., | Specific quantities | July 1, 1955; Aug.31, | Application being re- 
fuel fabrication (Arlington not yet requested. 1955, supplement; viewed. 

Heights, M1.). Sept. 14, 1955, sup- 

plement. 

Metals & Controls Corp., Attle- | 200 kilograms May 27, 1955; Sept. | Application being re- 
boro, Mass., fuel fabrication. 19, eee supple- viewed. 

ment. 

Naval Research Laboratory, | 5 kilograms Apr. 6, 1955 Construction permit 
Washington, D. C., research issued Apr. 29, 1955. 
reactor. 

North Carolina State College, | 1,079 grams....-.-..-- June 10, 1955 Constructed under con- 
Raleigh, N. C., research reactor. tract with AEC. 

License application 

pending. 

Pennsylvania State University, | 3.6 kilograms May 16, 1955, by | License issued July 8, 
University Park, Pa., research | OROO; June 17, 1955. 
reactor. 1955, civ. ap. 

University of California, Los | 1 kilogram June 24, 1955 Awaiting submittal of 
Angeles, Calif., medical reactor. | hazards summary data. 

University of Michigan, Ann | 4 kilograms-__...----- Jan. 12, 1955 Construction permit 
Arbor, Mich., research reactor. | issued Feb, 17, 1955. 














1 For a chronological record of receipt and action taken on the Commonwealth Edison license applica: 
tion, see the chronology of license applications to the Commission attached as an appendix to the McKinsey 
& Co. report, ch. 18. 


3. OWNERSHIP AND LICENSING OF SPECIAL NUCLEAR MATERIAL 


7. - * * * = . 


(a) Brief summary of regulations issued 


No final regulations have been issued. On April 15, 1955, a draft 
regulation was published in the Federal Register as 10 Code of Fed- 
eral Regulations 70. 

The key provisions of the proposed regulation governing the dis- 
tribution of special nuclear materials are: 
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|. The applicant must be a reliable person, qualified through train- 
ing and experience to use the material safely. 

2. The applicant’s equipment and facilities must be adequate to 
protect health and minimize danger to life or property. 

3. The use to which material is to be put must be authorized by the 
Atomic Energy Act of 1954. 

4, The licensee must keep records of special nuclear material re- 
ceived, on hand, and transferred, but the regulation does not pre- 
scribe detailed accounting procedures nor the type of physical pro- 
tection to be given the material. 

5. Licenses for special nuclear material to be used in reactors will 
contain provisions allocating the amount of special nuclear material 
estimated to be necessary for —— of the reactor during the 
period for which it is licensed. Similar long-term allocation may be 
included in licenses for other uses if needed by the applicant. 

Special nuclear material used by fabricators or processors in per- 
forming service functions for licensees who have an allocation will 
come out of that allocation. 


(b) Brief summary of comments received 


Principal comments received from Government and industry 
include: 

1. Request to exempt Commission subcontractors and Department 
of Defense contractors and subcontractors. 

2. Requests that hold harmless clause be softened to exclude dam- 
ages as a result of Commission action or negligence. 

3. Request that trade secrets disclosed in application be withheld 
from the public. 

4. Request that States and interstate agencies and appropriate 
Federal departments be notified of license applications and of each 
license issued and notified of modifications, revocations, and so forth. 

5. Suggestion that business arrangements be included in each 
license, 

6. Request for more assurance that material will be made available 
for the period of the license when the licensee needs it, including a 
remedy if we fail to deliver. 

7. Inquiry as to whether the word “jurisdiction” is used in the 
political or geographical sense. 

8. Request that regulation expressly stipulate that it does not waive 
compliance with State laws, rules, codes, or regulations. 

_ 9. Request that use of material be held to useful purposes stipulated 
in the license, but such uses be limited only because of national se- 
curity or health and safety. 

10, Request to be more explicit on recording and reporting require- 
ments, 


(c) Status of license applications received 
Attached is a recapitulation reflecting the status of applications 


received for licenses to receive, use, and transfer special nuclear 
material, 
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4, OWNERSHIP AND LICENSING OF SOURCE MATERIAL AND OF BYPRODUCT 
MATERIAL 
* * * * . + . 

(a) Brief summary of regulations issued 

Control and distribution of source material and radioisotopes have 
been continued under regulations originally issued under the Atomic 
Energy Act of 1946. These regulations were reaffirmed following the 
effective date of the 1954 act, without change. Revised regulations 
for control of source material are being drafted. Regulations con- 
trolling byproducts are being prepared and will replace the present 
isotopes regulation. 

(b) Several types of licenses are issued under the existing source 
materials regulations. The types dnd numbers of licenses issued since 
August 1, 1954, are set out below: 


Licenses issued August 1, 1954, through September 6, 1955 


Type of license Number 
Producer licenses 928 
(Issued to raw source material producers, principally miners and 

mining firms located on the Cvlorado Plateau.) 

TPC ic a i a lI a tli 37 

(Issued principally to persons and firms engayzed in the beneficiation 
of raw source materials.) 

Distr iy Is titers tmndiainnetieadt Semmibmnobin ckemamncbemaues 98 
_ (Issued principally to chemical supply houses engaged in routine 
commercial transactions involving transfers of refined uranium and 
thorium salts and compounds to various classes of consumers, such as 
analytical laboratories, physicians, pharmacists, hospitals, educational 
institutions, and various industrial users. ) 

COTES TRNIRIR TE eee is he x cas vetaieee elt ao ate a cicncon cae sopra ci leer genet aereetecermpennetenings 

(Issued principally to source material users where requirements are 
in excess of the quantities available under the “general license” pro- 
visions of the regulations (pt. 40.62 (c).) 
RSTO Ca a acme 796 
(Issued principally to firms exporting refined uranium and thorium 
source materials for medical and industrial uses abroad.) 


(c) During the period August 1, 1954, through July 31, 1955, the 
Commission received 7,908 applications for procurement authoriza- 
tions for isotopes; 7,331 authorizations were issued. In addition. 
6,893 inquiries were received and acted upon. 

* * * * * * 


9. EXPORT-IMPORT CONTROLS 


In its announcement of April 12, 1955, concerning the proposed 
regulations for production and utilization facilities the Commission 
stated its intention to exercise controls at this time only with respect 
to complete facilities. ‘The existing facilities regulations have been 
amended, effective September 26, 1955, to relinquish AEC controls 
administered since November 1947 with respect to the export of cer- 
tain facility components. The specific items involved are (1) radia- 
tion detection and measurement instruments; (2) mass spectrometers, 
mass spectrographs, and mass spectrometer-type leak detectors; (3) 
large vacuum diffusion pumps; and (4) certain types of electronuclear 
machines, Concurrently with this action by AEC, the Department of 
Commerce assumed export licensing jurisdiction of these items. 
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Up to this time no applications have been received for licenses to 
export complete production or utilization facilities as defined in the 
proposed regulations. During the period August 1, 1954, through 
August 31, 1955, the Commission issued 5,374 export licenses for facil- 
ity components then under AEC export licensing jurisdiction. About 
99 percent of these licenses authorized shipments of radiation detec- 
tion and measurement instruments and components. The remainder 
authorized shipments of mass spectrometers, mass spectrometer-type 
leak detectors, and Van de Graaff m»chines. 


10. PARALLEL ADMINISTRATIVE PROCEDURES 


The Commission published proposed rules of practice in title 10, 
part 2, of the Federal Register on August 10, 1955. The proposed 
rules of practice do not include the so-called parallel procedures as 
required under section 181. 


CoMMUNICATION From Panet to Atomic Energy CommMISsIon 


Ocroper 27, 1955 


It would be very much appreciated if you would have prepared for 
the use of the Panel on the Impact of the Peaceful Uses of Atomic 
Energy a list of all currently effective contracts now in force with 
private organizations related to development of peaceful uses of 
atomic energy. ‘The panel would be interested in an indication of the 
proportion of Government and private funds currently being expended 
under each contract, together with the name of the private organiza- 
tion, the date on which the contract became effective, and a brief state- 
ment of the purpose or objective of each such contract. 

This request stems from an examination of the chronology of actions 
related to license applications furnished to the Panel with The Com- 
mission’s letter of October 20. It appears from this tabulation that 
some industrial organizations operating under AEC contracts are not 
represented among those applying for licenses. 


CoMMUNICATION From Atomic Energy ComMMISsION 
NOvEMBER 22, 1955 


This replies to your letter of October 27, 1955 * * *. 

It is understood that you desire to have a listing of all nuclear power 
reactor projects, showing the proportions of private and governmental 
funds involved in each such project and, with respect to those involv- 
ing private funds, the name of the participating company or 
organization. 

here is enclosed herewith a schedule of these projects grouped as 
follows: 
Group I—Those to be financed wholly by AEC. 
Group II—Those involving both governmental and private funds 
Group III—Those which will be financed wholly by private 
capital. 
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No AEC licenses are involved, of course, in the projects listed in 
croup I of the schedule. een no licenses will be involved in the 
pressurized water reactor, the sodium reactor experiment, or the or- 
canic moderated reactor experiment (items 1 to 3, inclusive, of group 
II) since in each case the reactor will be Government-owned. All 
other projects listed in the schedule will require licenses and, as you 
know, applications have already been received from Consolidated 
Edison &, of New York and Commonwealth Edison Co., Chicago. 


Schedule of power reactor projects 
GROUP I—WHOLLY AEC FINANCED 


Estimated 
Description cost (in Date of authority Contractors 
millions) 


. Boiling water reactor experi- 
ment.! 
Research and development--- 
Experiment fabrication._...-- 
Construction, building 


Research and development. -- 
Construction of EBR-II 


. Homogeneous reactor experi- 
ment.! 


Research and development... 
Experiment fabrication, 
HRE No. 2. 


Sargent & Lundy: AE. 


University of Chicago: Develop, 
design. fabricate, and operate. 
Sumner Sollet Co.: Building con- 

struction. 


University of Chicago: Design, 
develop, and operate. 
Construction contractor: Not se- 


Union Carbide Nuclear Co.: De- 
sign, develop, fabricate, and 
operate. 


GROUP II—PROJECTS INVOLVING BOTH GOVERNMENTAL AND PRIVATE FUNDS 


1. Pressurized water reactor being 
constructed under contract 
with Duquesne Light Co. and 
Westinghouse Electric Co.! 
Atomic Energy Commission. 
Westinghouse 
Duquesne 


Total construction 
Construction, nonnuclear 
portion: 
Duquesne 
Research and develop- 
ment, Atomic Energy 
Commission. 


po eee 


2. Sodium reactor experiment ! 
Research and development... 
Fabrication of experiment... 
Equipment 


Atomic Energy Commission 
participation, 

North American Aviation 
participation. 


3. Organic moderated reactor experi- 
ment, 


Research and development... 


See footnote at end of table. 


March 1954._....-- 


Westinghonse: Design, develop, 
and construct the nuclear por- 
tion. 

Duquesne: Construct nonnuclear 
portion and operate total plant. 


North American Aviation: Design, 
develop, fabricate, and operate 


To be selected. 





644 PEACEFUL USES OF ATOMIC ENERGY 


Schedule of power reactor projects—Continued 


GROUP II—PROJECTS INVOLVING BROT! GOVERNMENTAL AND PRIVATE 
FUNDS—Continued 


Estimated 
Description cost (in Date of authority Contractors 
millions) 


—_ | | 


4. Fast breeder reactor to be con- 
= by Detroit Edison 
et al.: 
AEC participation Proposal approved | Tentative design by Atomic Power 
Detroit Edison participation - by AEC on Aug. Development Associates. Con. 
8, 1955, as a hasis struction contractor not selected, 
for negotiation. 


5. Sodium graphite reactor to be 
constructed by Consumers 
Public Power District of 
Nebraska: 
AEC participation Revised proposal | North American Aviation, Inc, 
Consumers participation approved by 
AEC on Oct. 
26, 1955, as a 
basis for negoti- 


6. Pressurized water reactor to be 
constructed by Yankee Atomic 
Electric Co.: 
AEC participation 7.6 | Under considera- | Design by Westinghouse. Con- 
Yankee participation 33.0 tion by AEC, struction by Stene & Webster. 


GROUP III—WHOLLY PRIVATELY FINANCED 


1. Pressurized water thorium ‘ License application pending. 
uranium converter reactor to 
be constructed by Consoll 
dated Edison Co. of New 
York as a licensee. 
2. Dual cycle boiling water renctor | 
to be constructed by Common- 
wealth Edison Co, Chicago, 
as & licensee. 


1 The costs shown for the 5 reactors designated above represent costs from July 1953, since this was the date 
on which the 5-year progiam was formalized. During the period prior to July 1953 costs were incurred 4s 
follows: 

Millions 
Boiling water reactor 
Homogeneous reactcr 
Fast power breeder reactor 
Sodium graphite rea: tor 
Pressurized water rector 


CoMMUNICATION From Paneut To Atromic Energy Commission 


Ocroser 25, 1955 


It would be very much appreciated if you would advise the panel 
as to the Commission’s understanding of the criteria involved in the 
term “practical value” as used in section 102 of the Atomic Energy 
Act of 1954. The panel is particularly interested in learning what, 
if any, relationship these words have to demonstration of the eco- 
nomics of nuclear powerplants, as opposed to technical feasibility. 
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The panel would also appreciate your advice on the meaning of the 
words “involved in” in section 104 (b) of the act.. The question here 
relates to a definition of what activities must be licensed under section 
104 (b). For example: Is it necessary for an equipment manufac- 
turer to obtain a license to manufacture a nuclear powerplant which 
is to be sold to a utility company? Is it necessary for the manufac- 
turing company to obtain a license to transfer title of an atomic power- 
plant at the time of delivery to the utility company, assuming the case 
in which the fuel elements are part of the delivered product and, on 
the other hand, that the fuel elements are not part of the product so 
handled? Additional examples would be based on the various licenses 
required for commercial activities under section 103. 


CoMMUNICATION From Atomic Enercy ComMMIssIon 


November 18, 1955 


This is in reply to your letter of October 25, 1955, to Mr. Strauss. 
We are not attempting to provide definitive answers to the questions 
posed in your letter but, in the interest of time, to furnish you with 
an indication of the Commission’s approach to the questions you 
raised, 

Your letter inquires as to what, if any, relationship the words “prac- 
tical value,” as used in section 102 of the Atomic Energy Act of 1954, 
have to “demonstration of the economics of nuclear powerplants, as 
opposed to technical feasibility.” We believe that a finding of “prac- 
tical value” under section 102 requires consideration of economic fac- 
tors as well as technical feasibility. 

Under section 104 (b) the Commission is authorized “to issue 
licenses to persons applying therefor for utilization and production 
facilities involved in the conduct of research and development activ- 
ities leading to the demonstration of the practical value of such facil- 
ities for industrial or commercial purposes.” If technical feasibility 
were the only consideration, the Commission might be under a duty 
now to make a section 102 finding as to various reactor types now 
under consideration by the Commission or industrial groups for the 
production of power, and it is hard to see why Congress would not 
expressly have required all reactors designed to produce usable heat 
to be licensed under section 103. That reactors can be designed or 
built so as to produce heat from which electricity may be derived was 
known at the time the act was adopted. Thus, on page 3 of the com- 
mittee report accompanying S. 3690 (S. Rept. No. 1699, 83d Cong., 
2d sess.), the committee stated : 

“* * * the atomic-reactor art has already reached the point where atomic 
power at prices competitive with electricity derived from conventional fuels is 
on the horizon, though not within our immediate reach. For more than 24% 
years, the experimental breeder reactor has actually been producing relatively 
small amounts of electricity at the national reactor testing station in Idaho. 
The land-based prototype of the atomic engine propelling the U. S. S. Nawntilus 
has already produced more than enough power to send an atomic submarine 
around the world, fully submerged and at full speed. The Westinghouse Electric 
Corp., and the Duquesne l’uwer & Light Co. are now constructing the Nation's 


first large-scale atomic-power reactor, which will generate 60,000 kilowatts of 
electricity—an amount sufficient to furnish light and power for a sizable city. 
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Many technological problems remain to be solved before widespread atomic 
power, at competitive prices, is a reality. It is clear to us that continued Goy- 
ernment research and development, using Government funds, will be indispen- 
sable to a speedy and resolute attack on these problems. It is equally clear to us, 
however, that the goal of atomic power at competitive prices will be reached 
more quickly if private enterprise, using private funds, is now encouraged to 
play a far larger role in the develo)ment of atomic power than is permitted under 
existing legislation. In particular, we do not believe that any developmental pro- 
gram carried out solely under governmental auspices, no matter how efficient it 
may be, can substitute for the cost cutting and other incentives of free and com- 
petitive enterprise. 

In this selection it seems clear that the objective of further research 
and development in the power-reactor field is the production of eco- 
nomic nuclear power. 

The question whether the phrase “practical value for industrial or 
commercial purposes” requires consideration of economic factors was 
specifically discussed at the committee hearings in 1954 on the amend- 
ments to the 1946 act. At page 921 of the hearings Mr. Strauss and 
Mr. William Mitchell both testified that in their opinion the phrase 
includes considerations of an economic nature. 

An interpretation of “practical value” which would exclude eco- 
nomic factors from consideration would, we think, be unrealistic. 
Indeed, if economic factors are excluded, it would be difficult to find a 
satisfactory yardstick by which to measure “technical feasibility”; 
and it would be difficult to understand why Congress distinguished 
between section 103 and section 104 licensees in such provisions as 
those contained in sections 53 (d) (4), 53 (d) (5), 105 (c), 182 (b), 
and 182 (c). 

Although we believe that economic factors are necessarily involved 
in the determination of “practical value,” we are not, of course, in 
this letter attempting to define the precise economic factors involved 
or their relative importance. 

Your second question relates to the meaning of the words “involved 
in” contained in section 104 ( b) of the act. We do not believe that 
these words are of significance in determining what facilities or kinds 
of facilities must be licensed by the Commission. That is a matter 
to be determined by the Commission’s definition of “production facili- 
ties” and “utilization facilities” pursuant to section 11 (p) and (v) of 
the act. In our view the phrase “involved in” was used only to de- 
scribe the kinds of facilities which should be licensed under section 
104 (b) rather than other provisions of the act. 

The question as to whether an equipment manufacturer or the utility 
company for which the reactor is to be built should apply for a con- 
struction permit has been raised with us a number of times. We have 
advised that the application may be filed by either or both. If the 
application is filed by, and a construction permit issued to, the equip- 
ment manufacturer, we would look to it as the concern responsible for 
compliance with the act and our regulations until such time as the 
utility took over operation of the facility under a license issued to It. 
If the construction permit is issued to the utility in the first instance, 
the role of the manufacturer would be that of a contractor to the per- 
mittee, with the utility ~— the responsibility for compliance. Of 
course, if an equipment manufacturer should construct a reactor as all 
“on the shelf” item before obtaining a customer for it, the manu- 
facturer would first have to obtain an appropriate license. 





BACKGROUND MATERIAL FOR CHAPTER 16 
FINANCIAL ENVIRONMENT 
CoMMUNICATION From Treasury DEPARTMENT 


Ocroser 18, 1955 


This is in further reply to your request of August for a report from 
the Treasury Department on certain matters relating to the develop- 
ment of the peaceful uses of atomic energy along the lines suggested 
by the terms of reference which you enclosed with your letter. 

Our general feeling about financing for the peaceful uses of atomic 
energy is that the Atomic Energy Act of 1954 provides broad authority 
to the Atomic Energy Commission to assist, particularly in the re- 
search and development field, but contemplates that principal reliance 
will be placed upon private individual initiative and upon private 
capital. The development of peaceful uses is, of course, in its early 
stages. It is too soon to determine whether it will grow into an iden- 
tifiable infant industry or will prove to be merely an extension and 
expansion of existing industry. It would, in our view, be premature 
to assume at this time that the development of peaceful uses of atomic 
energy will require governmental assistance beyond that provided in 
the act. We believe that until situations develop which  inatencrolle 
the necessity to go beyond that authority it would not be wise to 
introduce other forms of financing to supplement that which will be 
made available by our private enterprise and the Atomic Energy 
Commission. 

Our answers to the questions included in your terms of reference 
are given in the attached material. Under question 2 are given 
descriptions of techniques which have been used in the past and 
which might possibly be adapted to the development of peaceful uses. 
We do not wish to suggest, however, that any or all of these should 
be used at this time as techniques of assisting the private develop- 
ment of peaceful uses. 


REPORT ON GOVERNMENT FINANCIAL ASSISTANCE PREPARED BY 
THE DEPARTMENT OF THE TREASURY 


MEANS OF FINANCIAL ASSISTANCE AUTHORIZED BY THE ATOMIC ENERGY 
ACi OF 1954 


The primary financial assistance accorded to private industry by 


the Atomic Energy Commission comes under the general heading of 

research assistance. In the atomic energy field this covers the widest 

range of assistance from aid to strictly theoretical research and medi- 

cal research to the production of reactors which because of their unde- 

veloped status fall into the research category. It would seem from 

the legislative history of the act, however, that the Atomic Energy 
647 
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Commission does not have authority to assist in financing the capital 
costs of such reactors, i. e., the construction or equipment costs except 
for items which would have to be newly developed to make the reactor 
work. 

The Atomic Energy Commission further can give assistance--not 
strictly financial—by making available to private industry restricted 
data, a waiver of fuel charges and making available the Atomic Energy 
Commission’s own facilities for development purposes which would 
aid private business. Special nuclear material, source material, and 
byproducts under control of the Atomic Energy Commission which 
may be made available to private industry at certain charges could also 
be classified as further aid. 

Control by the Atomic Energy Commission over patents can be 
construed to be aid and assistance, although not strictly financial 
The Atomic Energy Commission has the authority under law to license 
for use both its own patents and private patents over which it has 
control. The law specifies that any discovery made or conceived under 
any contract, subcontract, arrangement, or other relationship to the 
Commission, regardless of whether or not funds were expended by the 
Commission, is the property of the Commission. Private patents are 
only issued by the Commission after proof is had that the discovery 
was made outside of the Atomic Energy Commission’s scope. Such 
patents may be licensed by the Atomic Energy Commission for private 
use with or without the consent of the patent holder. The Atomic 
Energy Commission’s absolute control over patents, their licensing and 
setting of royalty and licensing rates, necessarily has an influence on 
costs of private industry in this field. 


PROVISIONS OF THE INTERNAL REVENUE CODE OF 1954? 


The Federal income tax laws contain no provisions specifically 
designed to promote the private development of atomic energy. How- 
ever, the potential peacetime application of atomic energy is very 
great and will cover many industries. Consequently, tax provisions 
applicable to industry generally, which provide a favorable tax climate 
for pioneer investment, expansion, and risk taking, can be —— to 
play an important role in encouraging private investment in the peace- 
time uses of atomic energy. 

The Internal Revenue Code contains a number of provisions of gen- 
eral application which reduce possible tax deterrents to new invest- 
ment and which are particularly important to the financing of new 
developments. Some of these provisions permit the taxpayer to 
deduct capital expenditures in advance of the time when they would 
ordinarily be charged off in accordance with accepted accounting 
practice. In this way the payment of Federal taxes is deferred and 
the business has use of funds not otherwise available. Other provi- 
‘sions reduce the tax liability and thereby assist in financing new 
investment by making greater funds available and reducing tax deter- 
rents to work and invest. 


1This description does not include provisions of the Internal Revenue Code relating to 
the exploration, development, and production of minerals such as uranium, but is limited 
to tax provisions relating to financing the peacetime uses of atomic energy. The code 
provisions covering natural resources include: liberal allowances for depletion of uranium 
ores, at a rate of 23 percent of a income (sec. 611) ; expensing of exploration expendi- 
tures (sec. 615); expensing of developing expenditures (sec. 616); and exemption of 
payments by the Government to encourage exploration, development, and mining for defense 
purposes (sec. 621). 
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1. Provisions which postpone payment of Federal income taw 

(a) Accelerated amortization (sec. 168).—One of the most impor- 
tant provisions of the Federal revenue law that has been used to 
encourage the private financing of the application of atomic energy is 
the privilege of amortizing over a period of 5 years the cost of “emer- 
gency facilities” required in the interest of national defense. Such 
rapid amortization is authorized under legislation enacted at the time 
of the outbreak of hostilities in Korea, and is effective until the ter- 
mination of the emergency period by the President. 

The Office of Defense Mobilization, which is responsible for certify- 
ing emergency facilities, has issued many certificates covering private 
industrial projects supported by the Atomic Energy Commission. 
These include power development, facilities for the processing of 
uranium, the production of lithium, and the construction of related 
facilities such as power lines. Amortization certificates issued for 
such projects generally permit 70 percent or more of the cost of the 
facilities to be written off for tax purposes over a period of 5 years 
instead of a much longer period which would be used under the gen- 
eral rules of the tax law. 

Accelerated amortization of this type is generally recognized to be 
an important influence in encouraging new investment. It provides 
a financial inducement in several important respects. Perhaps the 
most important consideration is the saving in interest cost realized 
by the taxpayer. By taking larger allowances for depreciation in the 
earlier years, income taxes normally payable are postponed to later 
years wise depreciation allowances are correspondingly less and tax- 
able income increased. The saving is equivalent to the interest cost 
to a business on the amount by which the tax payments based on 
normal depreciation would exceed the tax payments under accelerated 
amortization. Although the same amount of tax is payable under 
each method over the useful life of the facility, assuming no change in 
tax rate, the business has the advantage of what is equivalent to an 
interest-free loan from the Treasury on the postponed payments. 
This time-discount benefit increases with the useful life of the asset. 
secause of their long useful life it should be of special benefit to 
atomic-energy power developments. 

Accelghahee amortization may thus induce new investment by in- 
creasing the availability of capital represented by the interest-free 
loan from the Treasury. Such increase in capital is equivalent to the 
amount of income tax postponed which is attributable to the difference 
between ordinary depreciation and accelerated amortization. The 
greater the degree of acceleration, the larger the portion of working 
capital which can be thus supplied from the internal funds of the 
business. 

_ By pe a greater protection to creditors, accelerated amortiza- 
tion also facilitates the borrowing of funds from external sources for 
the financing of new investment. Since capital loans are ordinarily 
made for a period somewhat less than the useful life of the equipment, 
the adoption of accelerated depreciation reduces the possibility that 
Federal income taxes will interfere with repayment of the loan. 

Another important respect in which accelerated amortization stimu- 
lates investment is in its influence on risk taking. In providing for 
the writeoff of a new facility over a short period of time, the investor is 
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better assured of taxfree recovery of his investment. This advan- 
tage is generally explained by the planning of a new business venture 
so as to make a new asset “pay for itself” within a relatively short 
period of time. This short “payoff” period is the interval over which 
the promoter expects to recover the capital cost of his investment 
by a reduction in operating expenses attributable to the new facilities 
or equipment. 

The stimulating effect of accelerated amortization is accentuated if 
the tax rates in effect at the time the investment is made are believed to 
be abnormally high, In this event the tax shifting of deductions from 
one year to another involves a reduction as well as a postponement of 
the tax liability. 

As indicated above, accelerated amortization was instituted as a 
temporary emergency measure. It provides an artificial stimulus to 
the eligible types of investment, which is inappropriate on a per- 
manent basis in a peacetime economy. For this reason the program 
was recently reexamined by the Office of Defense Mobilization and its 
scope limited to a select list of 33 industry goals. 

(6) Liberalized depreciation allowances (sec. 167).—The Internal 
Revenue Code of 1954 provided greatly liberalized allowances for 
depreciation of property which does not qualify for accelerated amor- 
tization. The new code adopted the Aeaieinatakenas method with an 
annual limit of double the straight-line rate applied to the unde- 
preciated balance, and the alternative sum-of-the-years’ digits method 
which provides for an even faster writeoff of new investment. Com- 
pared with an equal annual writeoff under straight-line depreciation, 
these new methods make it possible to write off” about 40 percent of 


the cost of new equipment within the first quarter of its useful life, 
and two-thirds or more of the cost over the first half of its useful life. 
By conforming depreciation allowances to the relatively rapid decline 
in the value of depreciable assets during the earlier years of an 
asset’s life, the new rules eliminate or reduce previously existing im- 

ediments to industria] mere nna Although the benefits of these 


iberalized methods are generally less than those possible under accel- 
erated 5-year amortization, the incentive effects on new investment are 
analogous. 

With the termination of the “emergency period” by the President at 
some future date, it is expected that the liberalized depreciation pro- 
visions will help prevent tax Jaws from acting as an obstacle to new 
investments ab as those involving the application of atomic energy 
to peacetime uses. 

(c) Loss on sale or abandonment of depreciable property used in 
trade or business (sec. 1231).—Special income-tax treatment is given 
to losses on sale or abandonment of depreciable property used in the 
trade or business. Whereas any gain on sale or exchange of property 
such as buildings, machinery, and equipment is taxed at the preferen- 
tial capital-gains rate, any loss is fully deductible at the ordinary 
income-tax rate. This provision is of special importance to an in- 
dustry of rapid technological change since it permits losses on sale 
or abandonment of capital assets to be hound off against ordinary 
income, and the full tax benefits to be realized. Such losses may be 
carried back or forward to other years, as described below. 





PEACEFUL USES OF ATOMIC ENERGY 651 


(d) Research and development expenses (sec. 174).—Research and 
development is encouraged by the Internal Revenue Code through the 
provision for the annual writeoff of such expenditures (other than 
those made for land and buildings) as they are incurred, even though 
they are of a capita] nature and would be written off over their useful 
life in accordance with accepted accounting practice and the general 
rules of the income-tax law. Although the taxpayer has the option 
to capitalize such expenditures and to write them off over a period of 
not less than 5 years, a taxpayer with sufficient current income to 
absorb the allowable deduction would generally find it advantageous 
to charge research expenditures to income as they are incurred so as 
to obtain the full advantages of tax postponement explained above. 


2. Provisions which reduce tax liabilities 

(a) Moderation of double taxation of dividends—Stockholders are 
allowed to exclude from their gross income up to $50 of dividends per 
person a year, and are permitted a credit against their income tax 
equal to 4 percent of dividends in excess of the exclusion. These pro- 
visions are intended to reduce the double taxation of dividend income— 
first under the corporation tax, and second in the hands of the re- 
cipient—so as to encourage greater equity financing of industry. The 
$50 exclusion per dividend recipient, amounting to $100 for man and 
wife, gives small-tax payer a considerable incentive to invest in stocks 
and thus broadens the capital market. Both provisions reduce the 
tax on business income and thereby tend to stimulate new investment. 

(b) Taxation of inventors and their financers.—The Internal Rev- 
enue Code of 1954 (sec. 1235) provides capital gains treatment for 
income received by an amateur or professional inventor through the 
sale of his patent, whether through a royalty arrangement or install- 
ment sale. Similar tax treatment is provided an individual who 
“orubstakes” the inventor through the purchase of an interest in an in- 
vention prior to the time when it is reduced to actual practice. The re- 
sulting lower rates—ranging to a maximum of 25 percent on long- 
term capital gains—reduce the deterrent effects of highly graduated 
individual income-tax rates on incentives to finance and to develop 
new inventions including, of course, the application of atomic energy 
to peacetime uses. 

The Internal Revenue Code has long provided another device for 
mitigating the effect of the graduated individual income-tax rates 
when an invention, the actual work on which covered several years, is 
sold in a way which concentrates the proceeds in a single year (sec. 
1302). If the work on an invention was done over a period of 2 years 
or more, and 80 percent or more of the proceeds are received in any 
i year, the inventor is allowed to spread back that part of his income 
which is not taxed as a long-term capital gain over the work period 
(but not more than 5 years) and to recompute his Federal income tax 
as if the income were received ratably over the period. If such income 
were taxed wholly in the year in which it was received, it would prob- 
ably be taxed much more heavily because of the steeply graduated 
character of the individual income-tax rates. 

(c) Business loss offsets —The Federal tax law has long provided 
for the offset of business net operating losses against other income 
of individual taxpayers. Such losses may be offset against the income 
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of individuals received from salaries, dividends, interest, and so forth, 
and thus provide a cushion to soften the impact of the losses which 
may be suffered on new business ventures operated as proprietorships 
or partnerships. 
he income-tax laws also provide for the offset of new operating 
losses incurred in 1 year against net operating income earned in other 
ears. At present, there is provided a carryback of the current year’s 
oss against the income of the 2 preceding years, and a carryforward of 
losses against taxable income of 5 succeeding years. In this way in- 
come of individuals and corporations is averaged over a period of 8 
years, and taxes are reduced below what would be levied on a strict 
annual accounting basis. 

The loss carryforward provisions are especially valuable to new en- 
terprises which frequently incur substantial deficits in their early 
years. When such ventures finally “pan out,” they have the advan- 
tage of retaining their annual income tax free until prior years’ 
losses are fully absorbed. Greater capital is thereby made available, 
and tax disincentives to new investments are reduced. 

Loss carryback provisions may also play a vital role in retaining 
financial solvency of a new business venture which meets occasional 
reverses. In carrying back a current year’s loss against profits of a 
prior year, the taxpayer qualifies for a refund of taxes previously paid, 
which may provide much needed cash to meet current expenses and 
other obligations. Procedures have been developed to facilitate speedy 
tax refunds in such cases. 

(d) Venture-capital companies (secs. 851-852).—The pooling of 
capital through regulated investment companies is encouraged by a 
provision which eliminates the corporate income tax on the income dis- 
tributed to the shareholders of properly qualified companies. In 
order to qualify for this treatment, the regulated investment company 
must be a management company, unit investment trust or common 
trust fund, registered with the Securities Exchange Commission under 
the Investment Company Act of 1940, and must meet certain require- 
ments with respect to diversification of investment, distribution of 
income, and other factors. 

Probably of greater importance from the standpoint of financing 
atomic energy developments is a similar exemption from the corporate 
income tax available to certain “venture-capital companies.” These 
are registered management companies engaged in the furnishing of 
capital to other corporations principally devoted to the development 
or exploitation of inventions, technological improvements, new proc- 
esses, or products not previously generally available. Such companies 
receive the same tax privileges as regulated investment companies al- 
though they are subject to less stringent requirements, particularly 
with respect to diversification of investments and distribution of cur- 
rent earnings. 

(e) Corporation surtax exemptions.—In addition to the provisions 
described above which are generally applicable to all businesses, there 
are a number of provisions of the Internal Revenue Code which are 
of particular importance to small, growing businesses, including those 
which may be engaged in atomic energy development. Probably the 
most important of these is the corporate surtax exemption. 
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Corporations are taxed at a lower rate on the first $25,000 of corpo- 
rate net income. This is accomplished by the exemption of the first 
$25,000 from the surtax rate of 22 percent. As a result corporations 
are subject only to the 30 percent normal tax on the first $25,000 of 
earnings, as compared with the combined 52 percent (normal tax and 
surtax) applicable to corporate income generally. This rate structure 
is designed to assist aan corporations in their financing. 

2. List and explain briefly additional techniques which have 
been employed by the Scdnel Gomme for stimulating private 
investment in areas in which private activity has been determined 
by public policy to be in the national interest. Indicate to what 
extent these techniques might be adapted to peaceful uses of 
atomic energy. 

Methods of Federal assistance, aside from tax benefits, which have 
been used in the past to encourage private production and capital 
investment include the following, which might possibly be adapted 
to the development of peaceful uses of atomic energy. 


1. Loan guaranties 


The authority to designate agencies authorized to guarantee loans 
of public financial institutions existed in the past war pursuant to 
section 5 (d) of the Reconstruction Finance Corporation Act (15 
U.S. C. 606 (b)). Authority to make guaranties to private institu- 
tions was provided by title II of the First War Powers Act and by 
Executive Order 9112 (March 1942). This order, under the First 
War Powers Act, authorized the War and Navy Departments and the 
Maritime Commission to guarantee, or participate in, loans or com- 
mitments entered into by any Federal Reserve bank, the RFC, or 
any other financing institutions to finance contractors engaged in war 
production. 

The general procedure was about as follows: The manufacturer who 
had need of financing to handle his war contracts would apply to his 
local banker for credit. If the needed credit was in excess of that 
which the local banker could furnish because of the risk or legal loan 
limitations, the bank would apply to the nearest Federal Reserve bank 
for a guaranty of a specified percentage of the proposed loan. The Re- 
serve bank would then review the information, and approve the terms 
or suggest such modifications as seemed necessary to protect the inter- 
est of the Government. A maximum interest rate of 5 percent on 
guaranteed loans was stipulated. Within this limit the interest rate 
was determined by the borrower and the financing institution. In 
the course of the World War II V-loan program, about $1014 billion 
were approved for guaranty by the armed services through the Federal 
Reserve System. 

After the outbreak of hostilities in Korea, section 301 of the Defense 
Production Act of 1950 reactivated this program in essentially the 
same form. Under this section the Departments of the Army, the 
Navy, the Air Force, Commerce, the Interior, Agriculture, the Atomic 
Energy Commission, and the General Services Administration are 
authorized to guarantee the loans by public or private financing in- 
stitutions to defense contractors and subcontractors. The Federal Re- 
serve banks act as fiscal agents for the guaranties of private loans and 
the procedure is governed by the Federal Reserve Board’s regulation V, 
outlined above. 
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2. Direct loans 

Under section 302 of the Defense Production Act, the President js 
authorized to make direct loans or to participate in private loans for 
the expansion of industrial capacity, development of technical proc- 
esses, or production of essential materials. The President has dele- 
gated this authority to the Treasury Department since the liquidation 
of the Reconstruction Finance Corporation, and to the Export-Import 
Bank. The authority is available to borrowers upon certification by 
the appropriate defense agency. 


3. Aid through Small Business Administration 


Under the Small Business Act of 1953 (Public Law 163, sec. 207) 
the Small Business Administration also has authority to make direct 
loans to business and to the victims of disasters. Loans to small busi- 
ness are authorized to a maximum of $150 million outstanding at any 
one time, The maximum loan to any one borrower is $150,000 and the 
maximum maturity is generally 10 years, Loans may be made only if 
financing is not otherwise available on reasonable terms and if there 
is reasonable assurance of repayment. Moreover, direct loans are 
made only where the extension of credit jointly with private banks is 
not possible. The Small Business Administration also can provide 
extensive technical and advisory service for small-business firms. 


4. Financing part of initial plant, equipment, and development costs 
through Federal procureemnt contracts 

During World War II the Government assumed part of the finan- 
cial risks involved in tooling up for production of a new product. 
Development costs and unusual costs to a company for new plant and 
equipment were often covered in the contract price. 

Public Law 557, section 4 (July 16, 1952) provides that “Any con- 
tract of the military departments for research or development, or 
both, may provide for the acquisition or construction by, or furnishing 
to, the contractor of such research, developmental, or test facilities and 
equipment as may be determined by the Secretary concerned to be 
necessary for the performance thereof. Such research, developmental, 
or test facilities and equipment, including specialized housing therefor, 
may be acquired or constructed at Government expense, and may be 
furnished to the contractor by lease, loan, or sale at fair value, and 


with or without reimbursement to the Government for the use there- 
of * * +” 


5. Government-guaranteed prices 


Under section 303 of the Defense Production Act of 1950, provision 
was made for encouraging the production of materials needed in the 
war emergency by establishing Government buying prices sufficiently 
high as to encourage greater private efforts to expand production. 
This method was successful in securing increased production of a num- 
ber of strategic materials. Similarly, under section 66 of the Atomic 
Energy Act of 1954, the Government was authorized to establish the 
present system of guaranteed prices for source material, which has 
encouraged widespread interest in the discovery and development of 
uranium-ore deposits. 
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;. Use of Government facilities and equipment 

The Defense Production Act of 1950, as amended, section 303 (d), 
authorizes the President, when in his judgment it will aid the national 
defense, “to install additional] equipment, facilities, processes, or im- 

yrovements to plants, factories, and other industrial facilities owned 
ty the United States Government, and to install Government-owned 
equipment in plants, factories, and other industrial facilities owned 
by private persons.” 

’. Public facility loans 

Title II of the Housing Amendments of 1955 (Public Law 345, 84th 
Cong., lst sess.) authorizes the Housing and Home Finance Adminis- 
trator to make loans to States, municipalities, and other public agen- 
cies and instrumentalities of one or more States to finance specific 
public projects under State or municipal law when such financing is 
not otherwise available on reasonable terms. These loans may be 
made directly or in cooperation with other lending institutions and 
their maturity is not to exceed 40 years. 

The law provides that the Administrator shall give priority to 
smaller communities (defined as under 10,000 population) for the con- 
struction of basic public works for which there is an urgent public need. 

To provide funds for public facility loans the Administrator is au- 
thorized to borrow from the Treasury up to $100 million outstanding 
at any one time. 

3. Describe the significance of tariffs imposed on competitive 
foreign goods imported into the United States in relation to the 
expansion of new peacetime atomic business activity dependent 
on both domestic and foreign markets for its rate of growth. 

The evolution of the peaceful uses of atomic energy has not yet pro- 
gressed to a point from which useful generalizations can be drawn un- 
der this question. As atomic energy is more widely used, it may well 
affect the relative competitive positions of firms and industries both 
within the country and internationally. It is far too early, however, 
even to speculate on what these changes might be; nor is it clear, at 
this time, that the development of atomic energy will present any 
unique problems in the field of commercial policy. The impact of 
atomic energy on world commerce may be influenced by many factors 
such as the geographic distribution of nuclear raw materials, the pace 
at which industrial applications of scientific discoveries proceed in 
various countries, patenting and licensing arrangements, and many 
others. How these factors will interact and how they will influence 
national tariff policies in various countries cannot be predicted at this 
time. 

The Atomic Energy Commission has authority under section 161 
of the Atomic Energy Act of 1954 to secure the admittance free of 
duty into the United States of purchases made abroad of source mate- 
rials, upon certification to the Secretary of the Teasury that such entry 
Is necessary in the interest of the common defense and security. These 
importations are free of customs control as long as they comply with 
the terms of the act. 

Peacetime atomic business activity is so new that no United States 
customs categories have yet been established specifically for equipment 
or other devices, the use of which is unique to peacetime applications 
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of atomic energy. Should any such importations be presented for 
entry they would be assigned by the Bureau of Customs to the most 
appropriate customs classification already existing and duty levied 
accordingly. The Bureau of Customs is not aware of any such im. 
portations up to this time. 

No considerations have yet come to our attention in connection with 
the development of the peaceful uses of atomic energy to indicate the 
need for special treatment for this field rather than the aageeetion of 
our basic foreign economic policy as enunciated by the President in 
his message of March 30, 1954, to the Congress. 
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C. Compulsory licensing 

D. Reporting requirements 
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F. Patent clauses in AEC contracts 

G. Patent conditions in AEC access permits 
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SUMMARY OF DISCUSSION 


A. General relationship between patent system and technological 
progress 

Article I of the Constitution empowers Congress “to promote the 
progress of science and useful arts, by securing for limited times to 
authors and inventors the exclusive right to their respective writings 
and discoveries.” Basic industries in the United States are based 
upon and dependent upon inventions. These inventions for the most 
part are brought about as a result of research and it can be stated in 
general that if patents were not permitted to reserve the exclusive 
rights to the practice of inventions to the inventor or his assignees 
research in industry would be reduced. Patents thus offer an incentive 
to industry to canileadt research inasmuch as the fruits of the research 
can be controlled by industry in a manner which provides a profitable 
return on investment, consistent with the general welfare. The 
strongest industrial nations unifermly have the strongest patent sys- 
tems. While defects in our patent system may exist and result in 
inequities, these defects should be remedied by legislation covering 
score generally. Patent defects should not be remedied through 
egislation on specific areas of technology. 


B. General nature of patent and award provisions in the Atomic 
Energy Act of 1954 
The trend in legislation generally has been toward expansion of the 
patent system. The Atomic Energy Act of 1946 represented a major 
reversal of this trend by excluding certain types of inventions from 


the patent system and by very stringent provisions concerning com- 
pulsory licensing. 

The Atomic Energy Act of 1954 reflects a change in philosophy with 
respect to inventions in the atomic energy field. For example, under 
the new act patents relating to weapons are the only category of 
patents excluded whereas the earlier law also excluded patents cov- 
ering fissionable material production. Furthermore, the stringent 
provisions of the 1946 act on compulsory licensing were modified in 
order to permit entry into the atomic energy industry without restric- 
tion by patent owners subject to payment of reasonable royalties. 

The awards provisions of the 1954 act go beyond a mere incentive to 
invention. The Patent Compensation Board of the AEC is empovw- 
ered to make awards that take into consideration factors other than 
the patentable aspects of inventions and discoveries. However, from 
the standpoint of an industrial organization, an award is too conjec- 
tural a return and thus not an incentive for an industrial organization 
to invest in research. The concensus of the seminar was that an award 
should be used only where the normal incentives of the patent system 
are not applicable. It should not be a substitute for an exclusive right. 
Thus an award should be provided to cover only cases of inventions In 
the nuclear weapons field. (In this connection it was noted that 4 
court decision under the 1946 law held that an award should be 
made only if the Atomic Energy Commission used the invention. 
This decision appears to impair the incentive features of the law.) 
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0. Compulsory licensing 

In considering the question of compulsory licensing, the seminar 
noted that atomic energy is a rapidly expanding technology, and this 
rapid expansion has been due to Government impetus and a psycho- 
logical impetus. In such a situation a really basic invention can 
occur which can be used in a restrictive and dominating manner under 
the normal patent system. The compulsory licensing provisions of the 
Atomic Energy Act of 1954 give to the AEC a limited reserve power 
which could oe used to prevent restrictive use of a basic invention. 


However, it was recognized that even the limited reserve provision 
on compulsory licensing might reduce the rate of development in the 
peaceful uses of atomic energy because individuals or industrial organ- 
izations might delay getting into the field until others had brought 
about basic developments under which compulsory licenses could be 
requested. 


D. Reporting requirement 

Section 151 (c) of the 1954 act contains a 90-day reporting require- 
ment. This applies not only to inventions or discoveries in the atomic- 
weapons area, but also to all inventions or discoveries useful in the 
production or utilization of special nuclear material or atomic energy. 
This is a broad coverage, designed to assure that AEC will be com- 
pletely and fully abreast of new technical developments in the atomic- 
energy field. 

The act gives the inventor an election. Within the 90-day period 
he must either file a patent application in the Patent Office or else 
file an invention report with AEC. He is not required to do both. 
If he files a patent application, the Commissioner of Patents will in 
turn report the invention to AEC pursuant to section 151 (d) of 
the act. 

Such a reporting requirement is not found in other fields. Accord- 
ingly, enterprises in the atomic-energy field must set up special pro- 
cedures to assure compliance. 

Consequences, or possible consequences, of failure to comply with 
the reporting requirement are or may be serious. For example, the 
various types of permits or licenses issued by AEC are subject to sus- 
pension or termination for violation or failure to observe the act or 
AKC regulations; accordingly, failure to comply with reporting re- 
quirements—particularly if such failure were continuous and deliber- 
ate—might place in jeopardy an access permit or a license which AEC 
has issued. 

The reporting requirements have an important place in the struc- 
ture of the act, although these may not yet be fully understood. Prob- 
ably it would be desirable for fuller information to be disseminated 
by AEC and by others concerning the nature of the reporting obli- 
gations. 


EL. Problems under section 152 


This section of the act was originally intended to supplant the com- 
pone licensing provisions. However, during the legislative process 
oth sections were included in the Atomic Energy Act of 1954. Sec- 
tion 152, in essence, establishes any relationship between the Commis- 
sion, an individual, or organization as a bar to the issuance of a patent 
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to such individual or organization on an invention relating to atomic 
energy. The section is designed to prevent practices by AEC con. 
tractors which would permit them to capitalize on information received 
in the course of work financed by the AEC. The consensus of the 
seminar was that the provisions of section 152 are unnecessary. They 
add no protection to the public interest beyond what was already pro- 
vided in patent law. They do not supplement the compulsory licensing 
provisions in other sections of the act; they introduce requirements 
which may prevent the Government from obtaining a patent under 
certain circumstances in which the required affidavits are not filed in 
time; and, they provide an advantage to foreign inventors inasmuch 
as the foreign inventor is not bound by the provisions of section 152. 


F’. Patent clauses in Atomic Energy Commission contracts 
The consensus of the seminar was that the best possible patent situa- 
tion for the United States both at home and abroad should be the goa! 
of the patent provisions of the Atomic Energy Act. As a consequence, 
everything should be done to foster filing of patent applications in the 
atomic energy field. The provisions of contracts entered into by the 
AEC with industrial or other organizations or individuals should be 
directed toward fostering the filing of patent applications to protect 
the interests of the United States Government or the interests of United 
ane industry. It was suggested that contract provisions on patents 
should: 
(a) Be limited to the atomic-energy aspects of the contracts. 
(6) Require the AEC to notify the contractor of the Commis- 
sion’s intention to file patent applications on inventions made dur- 
ing the course of the contract or of the Commission’s intention not 
to file such patent applications, and, in the latter case, permit the 
contractor to file a patent application either in the United States 
or abroad, as is considered appropriate. 


G. Patent conditions in AEC access permits 

Access permits are issued by the AEC for the purpose of making 
available to qualified applicants classified information developed at 
Government expense. It was generally agreed that in such permits the 
policy of the Government should be to waive in advance any rights 
to inventions made by individuals given access thereunder. The re- 
quirement for waiver in advance is brought about by the implications 
of the language in section 152 of the Atomic Energy Act of 1954. It 
was suggested that this waiver be given broad publicity in order to 
remove the retarding effect on inventions introduced by section 152. 


H. Foreign problems 


The present Atomic Energy Act and practices favor the foreign 
inventor. He is free to obtain patents in this country on any invention 
he may make and own title to the same with no obligation to the 
United States Government, whereas the United States inventor, 1n 
order to be in the same position, must have had no relation with the 
AEC; otherwise, under section 152, the Commission may take his 
United States patent or substantial rights under it. The Atomic 
Energy Commission by exercising its authority to take title to patents 
may take foreign patents as well as domestic patents on inventions by 
United States inventors. By the loss of the foreign patent rights, 
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the United States inventor is effectively prevented from building up 
a foreign patent position, which in industrial negotiations is valuable 
trading material. It was also noted that by failure of the United 
States Government to file foreign patent applications on inventions 
assigned to the Government, United States manufacturers may be 
placed in the position of being barred from markets in other countries 
because of the possibility of infringement on patents issued to for- 
eign inventors. 


Some SuccEesTions RELATING To Patent Provisions 1n ATOMIC 
Enercy LeaisuAtTion To Protect tHe Pusiic INTEREST 


By Casper W. Ooms 
SCOPE OF THIS PAPER 


This paper attempts to make a brief analysis of the special problem 
of patents in atomic-energy legislation. It will attempt first to exam- 
ine what a patent is, and what its effects are in a free-enterprise in- 
dustry such as that in the United States of America. Next, the special 
aspects of atomic-energy technology which dictate consideration of 
any special patent treatment will be reviewed. And finally, sugges- 
tions will be made for incorporating applicable principles into the 
atomic-energy legislation to provide for any unique aspects which 
atomic-energy legislation requires. 


THE PATENT FOR INVENTION—WHAT IT IS 


A patent for an invention is a grant by the Government to the 
patentee of the power to exclude others for a limited period from 
practicing the invention defined in the patent grant. The document 
consists essentially of two things, a description in such full terms as 
to enable any worker in the art to practice the invention, and the legal 
grant to the patentee of the right to exclude others from practicing 

‘that invention. The document is thus both a disclosure or description 
of a limited area of technology, and a grant of the power of the patent 
holder to exclude others from working in that limited area. 

The grant of the power to exclude is given in exchange for the 
revelation by the patentee of the invention in order that when the 
limited period of the patent grant expires, the entire public may prac- 
tice the invention and the great domain of publicly owned technology 
is thus enriched for general and free use. 

From the standpoint of the public at large, it is the disclosure or 
teaching that is important. From the standpoint of the patent holder, 
it is the grant of the power to exclude which is valuable. As will be 
demonstrated below, both of these aspects of the document are ex- 
tremely important in a free-enterprise industrial technology. 


THE PATENT FOR INVENTIGON—-WHAT IT DOES 


The patent for invention has three important effects in industrial 
economy. These have been demonstrated as the justification for its 
use as a social device which has been accepted in most of the industria] 
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countries of the world. These three aspects of the patent may be said 
briefly to be its incentive effect, its protective effect, and its effect as q 
breeder of innovation. 


1. The patent—as an incentive 


The first and foremost function of the patent is its usefulness jn 
evoking a description or disclosure of what the patentee has invented 
in exchange for the grant of a patent. Some authors have considered 
the patent most useful as an actual incentive to invention, while others 
have put the emphasis on its usefulness in compelling the disclosure 
of inventions. Whether one or the other is more important is of little 
consequence, as the existence of the patent system and its offer of a 
patent to an inventor in exchange for a disclosure of his teachings 
simultaneously evokes the invention and its publication. It can be 
readily demonstrated that the patent has been most effective as an 
incentive device to accomplish this purpose. 


2. The protective power of a patent 


Inasmuch as a patent for a short period monopolizes in the patentee 
a specified limited area of technology, that which the patent holder 
has invented, the patent enables that patent holder to protect him- 
self against competition by others in the employment of that inven- 
tion. This is the principal function of the patent as an economic 
device in a free enterprise competitive economy. It is to acquire this 
power of exclusion that patents are bought by others than the in- 
ventors. This patent frequently enables a small business to build an 
industry upon an invention and to protect itself in the difficult and 
costly period of development against more powerful competitors who 
have advantages of manufacture and distribution that are not usually 
possessed by the beginner company. 

It is, of course, this restrictive power of the patent that leads to 
a great deal of demagogical discussion of monopoly as a creature of 
the patent. That a patent is a monopoly—a legal monopoly—is clear. 
However, it is usually a very limited monopoly of a very small area 
of technology and, as will be discussed in the next paragraph, actually 
may have the paradoxical effect of creating competition rather than 
diminishing it. 
3. The patent as a breeder of innovation 

One effect of the patent little discussed is its capacity to create 
increased competition. Because the patent is restrictive and enables 
the patent owner to exclude others from practicing the technique 
covered in the patent, any competitor who wishes to achieve the same 
result or employ the same invention may be blocked by the patent. 
If he cannot get into the area fenced in by the patent by a license, he 
must devise his own alternatives as good as or better than that covered 
by the patent. Thus the existence of the patent, with its power of 
restraint, actually compels others to attempt to duplicate or improve 
upon its teaching by alternatives. In the devising of these alternatives 
the entire technology is enriched. 

Occasionally, but historically extremely infrequently, a single 1n- 
vention may appear that may actually have an extremely broad 
restraint, and embrace so large an area or an area so unique that It 
cannot be evaded. In that infrequent situation the patent will actually 
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create a legal monopoly that may have appreciable social effects. The 
appearance of inventions of that magnitude and scope is so rare that 
ina maturing technology it can be generally ignored, but the fact that 
the possibility exists leads to special problems in the atomic-energy 
field. These will be discussed below. 


j. The patent is a wonderful invention 


Actually, as a social device, the patent for invention is one of the 
greatest Inventions contrived by man. It enables the public, by 
means of a device which costs the public merely a very nominal admin- 
istrative cost, to offer to any inventor who may produce an invention 
and publish it for general use after a limited period, mpenens em- 
powering him to employ his own invention exclusively. The system 
puts the inventor to work to produce and publish inventions for no 
other consideration than the power and opportunity granted him by 
the patent solely to exploit the invention and to get his return from 
that invention in exchange for his having revealed it. 

Some misapprehension has arisen that this enables the patent holder 
to impose some new tariff on the public. As a matter of fact, that 
concept is absolutely untrue and economically unsound. A patented 
invention must pay its own way. The patent holder cannot compel 
the public to buy the patented device or the product of the patented 
method in preference to other alternatives. The patented invention 
must possess some value which the public is willing to pay for. And 
only if this value is sufficiently great to attract the public to the use 
of the patented invention does the eae get anything out of it. 

Actually, the grant of a patent for an invention may result in the 
lowering of a price of a patented product or something produced by 
a patented method. Because the patent enables the patent holder to 
employ the technique alone, his tooling can frequently be more in- 
tensive, his economies of distribution may be greater, and competitive 
losses may be eliminated. There are a number of reasons w 1y fre- 
quently a patented article goes into the market at lower cost because 
it is monopolized than it would go if it were made by a number of 
producers. 


HISTORY HAS JUSTIFIED PATENTS FOR INVENTIONS AS AN ECONOMIC 
DEVICE 


In spite of the regularity with which the patent system is assailed 
and the readiness with which the patent is attacked politically, the 
experience of every industrial nation has justified the patent system. 
In the United States the system has existed in almost its present form 
since the beginning of the Republic. In England it is older and in 
many of the continental countries it is older. Only Holland of all 
(except Iron Curtain) countries has attempted to abolish the patent 
system, but after several years of experience without a patent system 
Holland reinstituted the patent system much like our own. 

The sincerity and intensity with which the patent problem has 
been discussed in connection with atomic-energy legislation discloses 
that American industry is deeply interested in having the patent sys- 
tem apply in as nearly a normal method as possible to atomic-energy 
industry. . 
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Obviously, if the patent system is good for industry generally it 
should be good for the atomic-energy industry. If its principles are 
sound, they should all be applicable to an industry built in this 
field. tn ei there no unique aspects in the field of atomic energy, 
one could readily say no special patent provisions are required and 
the industry could be embraced within the normal Pee system. In 

be of unique use- 


fact, there are special reasons why the patent wil 
fulness in the industry built upon atomic energy. 

One fact that seems impressive at this time is that many of the early 
participants in the creation of an industry employing nuclear energy, 
will be investing enormous sums of money without the hope of im- 
mediate gains. Probably the only returns to many of these partici- 
pants in the early days of the industry will be the learning and the 
inventions which they may contrive in this pioneer period. To the 
extent that this learning and these inventions may be covered by 
United States patents with a life of 17 years, this may enable some 
of the participants to get some return at a later period when the 
industry expands and the opportunities for the employment of these 
inventions become more general. Then the inventions can be exploited 
“es - profit of those who, at great expense, may have made them years 

efore. 

In other words, the patents for inventions may be all that some of 
these early workers in the field get out of their investments and work. 
The opportunity to procure these patents and to exploit them profit- 
ably may be one great incentive that is bringing wide interest into the 
field of atomic energy. 


THE UNIQUE NATURE OF ATOMIC ENERGY TECHNOLOGY 


It is only because there are unique characteristics and special fea- 
tures of atomic energy technology and the industry to be built upon 
it that there is any justification for making exceptions from normal 
»atent principles and procedures. That the atomic energy field does 
ais some unique characteristics and peculiarities is evident from a 
number of factors: 


1. The first 10 years of atomic energy development was at Government 
expense 

One of the aspects of the development of atomic energy that is most 
frequently adverted to in the congressional hearings is the fact that 
almost the first 10 years of the development of atomic energy in this 
country was done wholly at public expense. This is only in part true. 
Although many billions of dollars were spent in this enterprise during 
the war years and the few years after the war, a large part of this 
money was spent for temporary war devices and the knowledge neces- 
sary tocreate them. Yet all of the expenditure for this purpose was 
not Government funds. Into this enterprise, especially during the 
war years, went the learning and effort and ingenuity of thousands 
of American scientists, inventors, and industrialists, and the know-how 
and enterprise of thousands of American companies and organiza- 
tions. This resource could not have been bought for sums many times 
greater than that which was actually spent. The atomic energy enter- 
prise as developed by this Government during the war and immedi- 
ately thereafter, was not something that was merety purchased with 
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public money, but it was a project into which went all of the learning 
and ingenuity and inventiveness of a generation of American industry. 

Because of this large public investment it is argued that unless some 
means be found to recover the cost of this learning in atomic energy, 
the Government will have been plundered by a billion-dollar give- 
away. This is, of course, fantastic. In the first place, the best use 
that the public can make of the learning it has onannene in these early 
years of atomic energy enterprise is to make the knowledge acquired 
in this manner as widely and readily available as possible to enable 
those who work in this field to begin at the high plateau of develop- 
ment to which this early effort has brought us. Any patents that the 
Government may have acquired in this period are put to their best use 
when the teachings in those patents are made generally and freely 
available. 
¥. The special political problems of atomic energy 

Any industry built upon atomic energy is unique in one aspect with 
which industry generally is rarely touched, and that is the political 
impact of the industry upon the Nation and the world. Our first 
great problem with atomic energy was the maintenance of secrecy 
because of its military potential. While secrecy remains necessary 
in many aspects of the field, the complete secrecy in which the enter- 
prise was first enshrouded becomes less and less important as time goes 
on and the spread between the accomplishments of the various nations 
is narrowed. 

Nevertheless, atomic energy still has world political aspects quite 
apart from those involved in the design of sailitaes weapons. Ina 
certain sense atomic energy has become symbolic of a national attitude 
toward peace. To the extent that any nation is willing to share its 
atomic energy technology and resources with the rest of the world 
is its good faith in world politics measured. 

In addition, ever-increasing world power needs which are threaten- 
ing a diminishing reservoir of fossil fuels make atomic energy power, 
and its development, one of the great pressing needs of the world. 
Further, the promising applications of atomic energy in medical 
learning techniques and in medical treatment, confer on it a singularly 
beneficent aspect. Also, the inquiries into the basic principles which 
govern nuclear phenomena have led to the most intensive and extensive 
attack upon the basic knowledge of the universe that has ever been 
attempted. 

While all of these considerations do not bear directly upon the 
patent aspects of atomic energy and its domesticaticn, they do indicate 
that we are dealing with a problem which has led to the most devoted 
and intense effort to create an industry in a brief period of time that 
the world has ever seen. In other words, we are not dealing here 
with the gradual evolution that has characterized industry generally, 
with a span of years between the dominating inventions and the be- 
lated public appreciation and demand for the product of the indus- 
try, but a technology that is maturing at a rate which has never before 
been encountered in the history of the world. That becomes important 
because it means that we are confronted with an immature technology 
in which there are many competing active participants, many of whom 
may stumble upon or create an invention of world-sweeping im- 
portance. 
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8. The intensity of effort that characterizes the atomic-energy industry 


One need but examine the releases of the Atomic Energy Commission 
from day to day to realize that the entire American industry is at 
work in the field. The release of the names of companies merely 
seeking access agreements indicates that this is not to be the special 
field of a few companies, but is the immediate interest of almost every 
organization engaged in industrial work in this country. Of course 
the interests of these various participants are diverse, but they all 
impinge upon one another at various points. Many of the common 
principles and common tools will be of interest to all participants, 


WHY SHOULD THERE BE ANY SPECIAL PATENT PROVISIONS IN ATOMIC 
ENERGY LEGISLATION ? 


When the first Atomic Energy Act was passed, many of its pro- 
visions were dictated by the fact that the Government intended to 
maintain a monopoly of atomic energy for a period within which 
world control of this new agency was to be attempted. In order to 
enable the Government to participate in a universal approach to the 
question, it was necessary that many special provisions be put into 
the legislation which would insure that when the Government was 
called upon to act it could act freely and with complete control of the 
entire field. That first effort at universal control of atomic energy 
has failed, but the efforts being made at this time have changed in 
character and no longer have any serious effect upon the patent pro- 
visions of the legislation. What is important in the legislation is that 
the special relationship of the Government to this industry and the 
public’s position in it still dictate some special provisions. 


1. Need for reporting 

As long as the Government maintains its very active program in 
atomic energy and acts as a clearinghouse for all the developments in 
the field and, of course, has the special duties and burdens imposed 
by the problem of military weapons, it will remain essential that there 
be special provisions in the legislation requiring the reporting of 
atomic-energy inventions. This is pretty well covered in the 1954 
act. In the event there is a rewriting of any of these provisions, it 
might be profitable to gather together into a coherent single provision 
the requirements for reporting in section 151 (c) and the specified 
penalties which the failure to report may impose. These at present 
are scattered throughout the act and some are merely implied. 


2. Government-owned patents in atomic enerqy 


Because of the very active work by the Government in the early 
years of atomic energy and its maintenance of an extremely compre- 
hensive program for development by development contracts and its 
own facilities, the Government has acquired and will continue to 
acquire a great number of patents in this field which at the present 
time are licensed without royalty to American industry. Section 156 
requires the Commission to establish standard specifications for the 
licensees to use Commission-owned patents, and these proposed stand- 
ards have been prepared. 

The question has been raised whether or not the Government should 
charge royalties for these inventions which are covered by patents 
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owned by the Commission. There was a provision in the early drafts 
of the 1954 act which provided for the imposition of royalties upon 
licensees under these patents. On the one hand, it is contended that 
the Government has an enormous investment in these inventions and 
should take some steps to recoup this investment. On the other, it is 
urged that these patents are put to their best use when the teachings 
contained in them are made freely available for the widest possible 
utilization. The second position has always appealed to me as being 
the most profitable from the public standpoint. The existence of any 
licensing authority, even though the royalties be extremely reasonable, 
will involve an administrative burden that may actually cost more 
than the yield of the royalties. 

Those who urged that these patents should be licensed only at royal- 
ties also contended that the Government charges for many of its facili- 
ties, such as its grazing and mineral lands, and such properties of the 
Government as patents cannot be distinguished. It must be remem- 
bered that grazing lands and mineral rights are unique in that a 
single licensee is the only one who can utilize those facilities or re- 
sources. If the Government should grant free access to them to a 
single citizen, there is obvious discrimination and preference and 
what is in effect a subsidy in a competitive industry. The inventions 
disclosed in patents, on the other en are not a resource which is 


exhausted by a single use, but find their greater public benefit if they 
are put to wide and ready use by a great number of people. The 
public benefit conferred by having the teachings in these patents avail- 
able as part of the public domain will probably prove more profitable 
in the long run to the public at large than any device for exacting 


a small license fee for the employment of these inventions. 

There is another reason why a licensing system for the employment 
of the inventions covered in these patents is not recommended. The 
United States traditionally has not sued for infringement of its pat- 
ents. Since a license is merely a waiver of the right to sue, to make a 
licensing scheme effective, the Government must be prepared to sue 
all those who employ the teachings of its patents without license. This 
means that the Government must abandon its traditional policy of 
permitting the free use of its patents and be prepared to sue its own 
citizens for infringement. This is a fundamental change in policy 
that should be considered only for most compelling reasons. Those 
reasons do not appear in the atomic-energy field. 

One question is raised by the Government policy of permitting the 
free use of inventions covered by its patents; if the Government is to 
make all of the teachings it owns freely available, why should the Gov- 
ernment seek patents upon these inventions? The seeking of the pat- 
ent not only involves considerable administrative expense in prose- 
cuting the patent application in the United States Patent Office, but 
it also frequently results in a delay in the dissemination of the infor- 
mation contained in the patents. There are, however, some problems 
that dictate that the United States may have to continue to seek pat- 
ents for its inventions. In the first place, the patenting of the inven- 
tion by a stranger to the Atomic Energy Commission may put the 
Commission at the disadvantage that although it actually had the 
teaching first, if the Commission did not file a patent application, the 
patent would issue to one who is not the first inventor. ‘This would 





568 PEACEFUL USES OF ATOMIC ENERGY 


enable the patentee to subject practitioners of the invention to the 
patent domination even though the invention had been made by the 
Atomic Energy Commission or one of its contractors. 

The Atomic Energy Act of 1954 has attempted to meet this problem 
by rendering a patent invalid (sec. 155) if prior knowledge existed 
even though that knowledge was under secrecy within the atomic 
energy program of the United States. That provision, which will 
be adverted to later herein, would protect the public against assertion 
of patent rights by one who was not the first inventor, and the statu- 
tory provision which protects all United States agencies against suit 
for infringement would effectively protect the Commission itself 
against the assertion of patent rights by those who were later than 
the Commission in making the invention. This would not, however, 
meet another problem that is raised in foreign countries. If the 
United States continues to seek patents in this country and also fol- 
lows an extensive patenting program abroad, American industry will 
be protected in the use of such inventions in foreign countries. The en- 
tire problem of foreign patents raises many questions of its own which 
are not within the scope of this paper. 

These considerations do dictate, however, that there be a reexamina- 
tion of the policy of the Commission in procuring patents on the in- 
ventions it owns. Related to it is the Commission policy of seeking 
waivers from employees and employees of contractors, and in seeking 
patent clauses in contracts for developmental and other work for the 
Commission which require that the patents be turned over to the 
Commission. 

Where the Commission enters into a contract in which it provides 
all of the funds and facilities for the development or promotion of the 
particular project, it is simple justice that all of the patent rights go to 
the Commission and thereby are thrown into the public domain so that 
the teachings are generally available without cost to the public. 
Where, however, the Commission enters into contracts with established 
workers in the field who not only provide facilities of their own but 
the know-how that is frequently unique to that industry, care should 
be exercised in seeking more for the Commission than merely the 
nonexclusive right to employ the inventions in Commission activities. 


3. The compulsory licensing provisions of atomic energy legislation 

Both in the 1946 act and in that of 1954 there have been provisions 
providing for a limited compulsory licensing of inventions in the 
atomic energy field. In both of these acts the inventions which were 
susceptible to compulsory licensing were only those which had met 
certain prescribed rigorous tests set forth in the statute so that the 
power to compel the licensing of these inventions was actually a reserve 
power which, up to this time, has never been exercised by the Com- 
mission. This series of provisions in the legislation has been subject 
to the greatest criticism and controversy, both outside of and in 
Congress. salt 

On the one hand, it is argued that compulsory licensing is anathema 
to the American patent system and is a form of socialism which is not 
consonant with American free enterprise. It is sincerely argued that 
there is no place in atomic legislation for a compulsory licensing pro- 
vision as it dilutes and impairs the incentives which the patent system 
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affords. On the other hand, it is argued that all patents in atomic 
energy should be subject to some form of licensing because of the great 
investment which the United States has made in this industry. That 
argument is clearly fallacious as the contributions that will be em- 
braced in future patents must be unique and individual contributions 
above the plateau of accomplishment which has marked the investment 
of the Government in this enterprise. 

It is also argued that the possibility of the creation of a monopoly 
in this field is so great that compulsory licensing must be available 
in order to prevent the creation of a monopoly. There are special 
provisions in the act of 1954 (secs. 105, 158) directed to the prevention 
of the creation of a monopoly. Any monopoly created under a patent 
is obviously a legal monopoly and not within the reach of the antitrust 
laws if all that the patent holder does is exercise the rights created 
by the patent. No patent of itself creates an illegal monopoly. It is 
only transactions and contracts or the combination of patents which 
create illegal monopolies. The possibility of any single patent arising 
which may create a monopoly in atomic energy because of the pecu- 
liarly dominating character of the patent is quite remote but never- 
theless sufficiently real that as long as apprehension continues that this 
possibility may be realized, some provision should be made for it. 


A properly guarded and restricted provision to permit the Commis- 
sion to exercise a reserve power of subjecting any dominating patent 
to compulsory licensing seems at this stage to be a necessary part of 
atomic energy legislation. 

Another contention advanced for the maintenance of compulsory 
licensing provisions in atomic energy legislation is the fact that in 


the early period of the domestication of atomic energy the opportunitv 
for access to the field will not be universal. In the first place, much 
of the work for the first 10 years of the program has been entrusted 
to a number of companies that will have, because of this early work, 
some advantage in the field in that they will have acquired the know- 
how and acquaintance with the problems of atomic energy that will 
enable them to take a leading position in the field. This is one of the 
inevitable consequences of pioneer work, but the patent policies of 
the Manhattan District and the Atomic Energy Commission have 
been such that all of the inventions made in this early period are 
covered by patents owned by the Commission and freely available to 
the public. That early participation in the work will probably enable 
these participants to acquire more inventions and more important 
inventions in the years to come is an assumption which may or may 
not be true. In many industries it is the outsider who, coming in with 
a fresh and novel approach, contributes the basic learning. 

It is, in any event, impossible to equalize the opportunities in this 
field for every participant. There will neither be the material, the 
trained men, nor the facilities needed to give every participant in the 
field of the domestication of nuclear energy an opportunity to begin 
work at the same time and from the same position as the other par- 
ticipants. This cannot be corrected or equality established by penal- 
izing the earliest participants and those who make the greatest number 
of innovations and inventions in the field. This is not the only area 
in American industry where ideal and absolute equality of oppor- 
tunity does not exist. It cannot be corrected by any modification of 
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the patent system without impairing the incentives which that sys- 
tem provides. 


RECOMMENDATIONS 


These considerations lead to these recommendations: In order for 
the patent system to be employed to the greatest benefit of the public 
interest in the advancement of atomic energy industry, the industry 
should be restored to the normal and conventional operation of the 
patent system to the fullest possible extent as soon as possible. Inas- 
much as the patent system does not embrace all scientific contributions 
that may be of great value in this field but merely the categories of 
patentable invention enumerated in the Patent Act, it is desirable to 
maintain an award system that will enable the Patent Compensation 
Board of the Atomic Energy Commission to grant awards to contrib- 
utors who cannot be rewarded under the patent system. 

To insure that the patent system is given its fullest opportunity in 
this field, the patent clauses of Commission contracts and the admin- 
istration thereof, as well as the waiver system followed by the Atomic 
Energy Commission, should be examined to insure that both indi- 
vidual workers in the field and contractors with the Commission have 
available to them the greatest opportunities which the patent system 
affords. It may be that the Commission at this time is following a 
policy which does reduce its demands to the fullest possible extent 
consistent with the public interest in those projects where only public 
money and facilities are employed, and if so, this would, of course, 
satisfy this objective. 


RECOMMENDED CHANGES IN PATENT PROVISIONS OF 1954 ATOMIC 
ENERGY ACT , 


Examining chapter 13 of the Atomic Energy Act of 1954 covering 
patents and inventions, the following recommendations and sugges- 
tions are made: 

The present provisions of section 151, defining the proscription of 
patenting of inventions “useful solely in the utilization of special nu- 
clear material or atomic energy in an atomic weapon” and revoking 
any patent rights in inventions to the extent that such inventions are so 
used (subject to just compensation) , seem to be adequate to achieve the 
purpose. The advisability of permitting patents, which inherently 
are published disclosures, of military weapons is questioned. Many 
military weapons depend for their efficacy upon the element of sur- 
prise. Inasmuch as a government alone is theoretically interested in 
the manufacture and use of weapons, there would seem to be no reason 
for the granting of patents upon weapons as there are special statu- 
tory provisions to prevent the enforcement of such patents against 
the government except to procure just compensation for the use of 
the inventions. A system of awards for the invention of weapons 
which would enable the inventor to keep secret the invention would 
appear to be preferred to any system of patenting. 

The reporting provisions of section 151 (c) and (d) are satisfactory. 
It has been suggested that the penalties for failure to report which are 
contained in other provisions of the act should be brought together in 
closer proximity to the provision which requires reporting for clarity. 
This is not a serious defect in the legislation. 
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Section 152 creates a presumption that inventions in this field made 
by one who is under contract or has some other undefined relationshi 
with the Commission are presumptively made by the Commission anc 
prescribes a rather elaborate procedure for determination of the 
ownership of the invention. This section has been widely criticized, 
even by its own author. It is suggested that the rights to inventions 
conceived during Commission contracts are best determined by the 
terms of the contracts themselves and by the administration of the 
patent clauses which the Commission inserts in such contracts than by 
any statutory provision. The assignment of the determination of the 
ownership of such patent to the Board of Interference Examiners of 
the United States Patent Office rather than the courts appears to be a 
complication of legal procedure which is unnecessary. Inasmuch as 
any determination by the Board of Interference Examiners would be 
reviewable by the courts, a determination by the courts in the first 
instance would seem to be preferred. In the opinion of the writer, 
section 152 could be removed from the statute without any impairment. 

Sections 153 and 154 set up a very elaborate procedure for the 
limited form of compulsory licensing which the statute attempts. This 
could be greatly simplified. The possibility that the Commission may 


sua sponte undertake to declare a patent to be affected with the public 
interest, seems sufficiently remote to eliminate that alternative and 
make all compulsory licensing to be subject to initiation by an appli- 
cant and subject to the same rigorous tests which are prescribed for the 
applicant in section 153 (c), (d), and (e). The provisions should of 
course insure a hearing and should contain all of the protection which 
eo in the section at the present time. 


ection 154 seems to be unnecessary in view of the fact that the 
licensed use of the patent is never subject to injunction. 

Section 155, making the inventions known to the workers within 
the atomic-energy program, even though entirely secret, invalid if 
patented in a subsequently applied for patent, is contrary to the 
present patent system and introduces an innovation that seems en- 
tirely unnecessary. If the intention of the provision is to protect 
the United States against the assertion of patent rights to inventions 
which were known to the Commission but kept under secrecy, that 
could be accomplished by a simpler provision. Such a provision 
would merely make such knowledge a defense for the Commission and 
for the United States without actually invalidating the patent pro- 
cured by the one who independently made the invention and, follow- 
ing the procedure prescribed by the patent system, procured a patent 
therefor. All the other statutory bars to patent validity which are 
prescribed in the United States Patent Act are dependent upon there 
actually having been reproducible public intelligence of the invention. 
This provision for the first time eliminates that aspect of notoriety 
and makes a secret use of the invention a defense to the validity of 
a patent. 

Section 156 seems adequate for its purpose, as does section 157. 

Section 158 is unnecessary as the courts have found that the misuse 
of the patent in a scheme of monopolization permits the court to 
subject such a patent to compulsory licensing. All that section 158 
does is grant this permissive power to the court and require that the 
license so compelled shall be subject to a reasonable royalty fee, which 
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has been the pactice of all the courts but two in imposing compulsory 
licensing as a remedy for misuse of patents. 

Sections 159 and 160 are adequate for their purposes although the 
period of time in which section 160 was to be effective has already 
expired except for the consequences to the patentee of any patent 
which was granted after reinstatement of an application under this 
section. 

Chicago, October 12, 1955. 


ComMUNICcATION From Panet to Atomic Energy Comission, 
Aveust 22, 1955 


. ~ * = * * * 


In the projected discussions by the panel on the impact of the peace- 
ful uses of atomic energy dealing with the role of government * * * 
summaries of what has Rauhetvest in the following areas of Commission 
activity since August 1954 would assist * * *: 

1, Patents: Changes in language of the patent clauses in AEC con- 
tracts relating to private development of peaceful uses; changes in 
procedures for handling reports on new patentable inventions, con- 
sidering the broader scope of the reporting area required by the new 
law ; any experience to date with the various compulsory licensing fea- 
tures of the new law; and actions taken by the Commission to interpret 
the meaning of the language in section 152 dealing with “relationship 
with the Commission.” 


* * * * * * * 


ComMuNIcATION From Atomic ENEercy CoMMIssIon, 
Ocroser 20, 1955 


The AEC patent clauses in AEC-sponsored research and develop- 
ment contracts have been modified since the 1954 act by substituting 
the phrase “in the course of, in connection with, or under the terms of” 
for the phrase “in the course of the work,” in the standard contract 
patent provisions. Under the Commission’s proposed access permit 
regulation (pt. 25), where access to restricted data is accorded, the 
Commission has waived its rights under section 152 of the Atomic 
Energy Act of 1954 in inventions or discoveries made or conceived 
in the course of, in connection with, or resulting from access to said 
confidential restricted data. The recipient of such information 
waives claims for damages under section 183 of title 35, United 
States Code, by virtue of the imposition of a secrecy order on any 
patent application, as well as waives claims for just compensation 
under section 173 of the Atomic Energy Act of 1954. Where the 
access permit is to secret restricted data, the Commission has retained 
a royalty free, nonexclusive license for governmental purposes in any 
inventions or discoveries made or conceived as a result of access to 
secret restricted data. 

There have been no substantial changes in the procedures for the 
submission of reports by persons making an invention reportable 
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under section 151c of the 1954 Atomic Energy Act over the procedures 
employed in the reporting under section 11 (a) (3) of the 1946 
Atomic Energy Act, nor has there been any fundamental change in 
the —— of the United States Commissioner of Patents in 
notifying the Commission of patent applications in the defined field 
under section 151d of the 1954 act over the procedure employed 
under section 11 (d) of the 1946 act. 

There has been no experience as of this writing with respect to 
section 153 since the Commission has not taken any action to initiate 
any compulsory licensing proceedings, nor has any other person filed 
an application to institute any such proceedings. 

With respect to actions taken by the Commission to interpret the 
meaning of the language in section 152, the Commission has taken the 
position that a license does not constitute a “relationship with the 
Commission.” In addition, the Commission has stated that it will 
retain no rights in inventions or discoveries resulting from the sale 
or distribution of radioisotopes, the sale of irradiation services, and 
the dissemination of information pursuant to an access permit (with 
the exception of the retention of a royalty free, nonexclusive license 
in inventions resulting from access to secret restricted data). 

















BACKGROUND MATERIAL FOR CHAPTER 18 


THE PEACEFUL USES OF ATOMIC ENERGY 
AN ANALYSIS OF AEC’S ROLE 


[Pursuant to a panel request for a study of the organization and 
activities of the Commission relating to the encouragement, develop- 
ment, and regulation of peaceful uses of atomic energy, the Commis- 
sion contracted with McKinsey & Co., management consultants, for 
such a study. 


NoveMBER 14, 1955. 
Mr. K. E. Frexps, 
General Manager, 
United States Atomic Energy Commission, 
é' Washington, D. C. 

Dear Str: We submit herewith our report entitled, “The Peace- 
ful Uses of Atomic Energy—An Analysis of AEC’s Role.” This 
report presents the results of a study we undertook’in accordance 
with a contract between the United States Atomic Energy Commis- 
sion and this firm dated August 24, 1955. 


Objective of the study 


The objective of this study was to review the steps that the Atomic 
Energy Commission has taken to facilitate, promote, and regulate 
the peaceful uses of atomic energy in accordance with the Atomic 
Energy Act of 1954. In particular, we were asked to: 

1. Analyze the organizational and administrative arrangements 
that have been developed. 

2. Appraise their adequacy. 

3. Set forth remaining problems that must be solved to more ef- 
fectively discharge the Commission’s responsibilities for the stimula- 
tion and regulation of the peaceful uses of atomic energy. 


The report 


Our findings and conclusions are presented in the following sec- 
tions of the report: 

1. Stocktaking—A summary. 

2. Dissemination and control of information. 

3. Foreseeing private enterprise in atomic energy. 

4. Advancement of technology. 

5. Licensing and inspection. 

We appreciate this opportunity to serve the United States Atomic 
Energy Commission. We are grateful for the assistance and cooper- 
ation given to us by the staff of the Commission. 

Respectfully submitted. 


McKinsey & Co. 
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1. SrockTAKING—A SUMMARY 
THE AEC’S MAJOR ADMINISTRATIVE PROBLEM 


Tooling up a large organization to undertake a new and additional 
job takes time and effort. Plans must be laid, regulations and pro- 
cedures developed, and new organizational units established. Reori- 
enting the thinking and attitudes of thousands of employees who 
have been concentrating on a single job to give essential emphasis 
to a new, and to a degree, competing activity, is an even more difficult 
task. 

These are the basic administrative tasks placed on the AEC by 
the enactment of the Atomic Energy Act of 1954. The act did not 
relieve the AEC of its earlier obligations for the advancement of 
the technology of atomic energy and for the maintenance of our 
supremacy in atomic weapons. It added to the AE(C’s tasks, the 
responsibility of encouraging wide spread participation in atomic 
industry by private individuals and firms. At the same time, the 
Commission must continue its congressional mandate of insuring 
national security and protecting the safety and health of our populace. 

The objective of this survey is to assess the AEC’s  deneliaaiinats 
with respect to the two basic administrative tasks that have been 
stated above. This survey was designed to determine whether the 
AEC has developed those organizational and administrative arrange- 
ments that are essential to the effective handling of those activities 
necessary to the encouragement of private enterprise in the develop- 
ment of the peaceful uses of atomic energy. 


A YEAR’S ACCOMPLISHMENTS 


In undertaking its new tasks, the AEC was confronted with a 
unique responsibility, for which there was little or no precedent in 
the history of the Federal Government. Moreover, it was obligated 
to enlist the interest and investments of private firms, individuals, 
and institutions in an industry for which much of the technological 
basis is yet to be developed. 

Yet in the little more than a year since the 1954 act was passed, 
the AEC has taken seven significant steps. 

1. A Division of Civilian Application has been established in which 
is concentrated substantially all the responsibilities for regulating and 
promoting the activities of new entrants in the area of atomic energy. 

2. A system of basic licensing regulations has been developed for 
control of atomic materials and facilities in which the many and 
varied views of public and private interests have been considered. 

3. Enforcement policies and organizational arrangements have been 
established which will make it possible to keep the compliance burden 
placed on private participants to a minimum, consistent with health, 
safety, and security objectives of the act. 
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4, The civilian reactor program has been broadened to provide full- 
scale power reactors that will be privately owned and largely privately 
financed. 

5. A program has been established to provide private industry and 
individuals access to information and to AEC personnel, facilities, 
and services. 

6. Organizational responsibilities have been realined and procedures 
developed for estimating special nuclear material requirements which 
will assure more adequate consideration of the needs of private indus- 
try and individuals. 

7. A general authorization has been issued which allows Americans 
to engage in unclassified foreign atomic energy activities without prior 
Commission approval. 


UNMET NEEDS OF THE PRIVATE ENTREPRENEUR 


The steps outlined above reflect the AEC’s awareness of its responsi- 
bilities to the prospective entrant into the new private atomic-energy 
industry. But these steps have not and will not meet all the needs of 
the would-be participant in this new industry. 

The AEC has not yet resolved a number of problems that confront 
this new entrant and make difficult not only his entry into the industry 
but his doing business with the AEC. These impediments to rapid 
progress in the expansion of a private atomic industry fall into three 
categories: (a) unclear policies, (b) administrative shortcomings, 
and (c) lack of a positive approach. 

(a) Areas of unclear policy 

In spite of the progress AEC has made to establish a policy frame- 
work in which a private atomic industry can advance rapidly under 
Government r,t much remains to be done. The major policy 
questions that still face the private participant include: 

1. Can firmer and longer term assurances be given as to the avail- 
ability of and charges for services needed from the Government? 

2. How much research and development assistance will the AEC 
provide? What will be the future role of the national laboratories, 
particularly in atomic-development projects related to peaceful uses 
of atomic energy ¢ 

3. To what extent will AEC depend on private industry to furnish 
additional production capacity needed to meet future AEC weapons 
and research programs? 

4. What assistance will be provided private industry in developing 
such essential atomic processing industries as feed-material produc- 
tion, fuel-element fabrication, and chemical processing ? 

5. Is the Commission going to assume additional responsibilities 
for expanding the supply of technical and scientific manpower ? 

6. Will fuel be oad available for operation of foreign power re- 
actors? Will the AEC license United States firms to fabricate fuel 
elements for foreign use? 

7. Can the AEC resolve the question : Will the Government supple- 
ment available private insurance protection ? 

8. What is the Commission’s definition of the practical value clause 
in terms of issuing commercial licenses for production and utilization 
facilities? What criteria will be used in applying the Commission’s 
definition to applicants for commercial licenses ? 
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(b) Organizational and administrative shortcomings 

Establishing major policies, creating new top-level organization 
units, and fixing responsibilities on headquarters personnel for a new 
program are essential first steps, but they are not enough. These 
actions must be supported by an effective organizational structure 
and detailed procedures and methods at all levels of the organization 
involved in implementing the new program. This is particularly true 
when the program involves dealing with large numbers of private indi- 
viduals, many of whom are unfamiliar with its nature and objectives. 

This requires more time and staff than the AEC has been able to 
devote to these tasks in the year that has elapsed since passage of the 
Atomic Energy Act of 1954. Several major organizational and pro- 
cedural problems related to the development of a private atomic indus- 
try stillremain. The organizational problems include: 

1. Clarification of the responsibilities of the Division of Civilian 
Application and other headquarters divisions for actively promoting 
the development of a private atomic industry. 

2. Development of organizational arrangements and processes to 
assure that the AEC field organization gives adequate emphasis and 
priority to the tasks related to the peaceful uses of atomic energy by 
private individuals and groups. This includes the problem of obtain- 
ing a more uniform application of the various requirements placed on 
private participants in the program. 

3. Establishing one central point in the AEC for development of 
manpower-requirements data related to the peaceful uses of atomic 
energy, and to provide advice and assistance to private groups and 
individuals on training and education. 

4. Clarification of the organizational location and responsibilities 
of the Classified Distribution Branch, Division of Information Serv- 
ices, particularly as they relate to the distribution of restricted data 
to access permit holders. 

The major procedural problems include: 

1. Development of standard forms, instructions, and processing 
procedures to handle various types of license applications. 

2. Development of standard procedures for dealing with access 
permit holders at operations offices, with particular attention to equi- 
table implementation of the general policies on access to personne] 
and facilities and security requirements. 

3. Steps to speed up the internal processes for developing licensing 
regulations. 

4. Streamlining the methods used to review reactor development 
proposals. 

5. Reevaluating the processes and methods used for reviewing, coor- 
dinating, and balancing the several research and development pro- 
grams to assure that appropriate efforts are devoted to the projects 
which show most promise toward achievement of objectives. 


(c) Lacking—a more positive approach 


How broad an atomic industry do we want? We interpret the in- 
tent of Congress in patting the Atomic Energy Act of 1954 to en- 
courage as broad a base as possible—keeping in mind the health, 
safety, and security aspects. This means that a great many private 
irms and individuals never previously connected with atomic energy 
will have to enter the industry. 
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How does the job that AEC has done to encourage a private atomic 
industry measure up to this challenge? Our analysis indicates that it 
leaves something to be desired in terms of a positive approach. The 
job that has been done to date is not adequate in terms of interesting, 
educating, and assisting the potential new participant in the business. 
What are some of the specifics that lead us to this conclusion ? 

Our analysis indicates that the potential new participant can look 
to the AEC for limited help iu searching out the scientific and techni- 
cal information that best fits his needs. True, a great deal has been 
done to facilitate access to research and development reports, but 
even those private firms with considerable resources at their disposal 
to winnow out the most pertinent information, still have a difficult 
time. This pertains not to just written reports and documents. Even 
more important is the question of access to technical and scientific per- 
sonnel employed by the AEC and its contractors and to AEC and con- 
tractor facilities. 

In the administration of the licensing system for materials and fa- 
cilities there is also room for a more positive approach. If we really 
want a great many more new participants in the civilian application 
program, strenuous efforts must be made to educate private groups 
and individuals as to why various licensing regulations are required, 
what steps are required to meet licensing provisions, and how the ap- 
plicant can go about meeting these provisions. 

Some will contend that to ask the AEC to promote the uses of 
atomic energy at the same time they are trying to regulate it will not 
work. This may be true once there is a private industry to regulate, 
but unless more vigorous and positive steps are taken now to promote 
a large and diversified private atomic industry, the regulatory job will 
be relatively unimportant for many years to come. 


2. DIsSEMINATION AND CONTROL OF INFORMATION 2 


The first thing a private individual or company has to do in getting 
into a new type of business is to find out all he can about the subject. 
Most of the essential information needed to enter the atomic-energy 
field could not be made available to private parties prior to enactment 
of the Atomic Energy Act of 1954.2 Passage of this act made clear the 
congressional intent that technical information should be made more 
readily available to individuals and firms desiring to enter the atomic 
energy field. 

The enunciation of this more liberal policy confronted the AEC 
with the large and difficult task of reevaluating the vast accumulation 
of classified scientific and technical data that had been developed since 
the inception of the atomic-energy program. In making this evalua- 
tion the AEC was required: 


1 This survey has been limited to dissemination and control of classified security data. 
Analysis indicates unclassified technical and scientific data is readily available from many 
sources—Department of Commerce (Office of Technical Services), Government Printing 
Office, 43 unclassified depositories, 4 industrial depositories, and the Microcard Foundation. 

2The 1954 act retained the “‘restricted data” concept of the 1946 act but modified the 
overall declassification criteria to permit dissemination of information “without undue 
risk to the common defense and security.” The “undue risk” provision replaced the 
clause in the 1946 act which provided that information could be removed from the 
restricted data classification only upon AEC determination that dissemination could be 
achieved “without adversely affecting the common defense and security.” 
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1. To insure that information would not be made available that 
might unduly endanger the national security, and 

2. To determine what information would be useful and necessary 
to the rapid development of private industry in the area of the peaceful 
uses of atomic energy. 

Thus the AEC was placed in a position of balancing security on the 
one hand with rapid progress in the peaceful uses of atomic energy 
on the other. 

Three major methods by which private persons, groups or businesses 
can obtain technical and scientific information have been established 
by the AEC. The first of these is access to research and development 
reports and documents produced by the AEC and its contractors. 
Second, the AEC permits use of its technical and scientific personnel 
and its facilities and those of its contractors.* Third, is participation 
in the AEC program as a contractor, or as a “guest scientist” at one of 
various national laboratories, or in other AEC-sponsored training ac- 
tivities. 

The role of AEC in administering each of these methods of obtain- 
ing restricted data will be covered in this section of the report follow- 
ing a description of the access permit system.‘ 


THE ACCESS PERMIT SYSTEM 


The access permit system constitutes the initial step in obtaining 
classified data by those persons and groups interested in the applica- 
tion of atomic energy to peaceful uses. In reality it is nothing more 
than a security information control device. It was substituted for 


the planned three-level system for obtaining access to classified tech- 
nical data which consisted of (a) access for purposes of evaluation, 
(6) study, and (¢) commercial exploitation. Plans for installing this 
system were abandoned in the spring of 1955 as not meeting the broad 
private participation requirements of the Atomic Energy Act of 1954. 
The present access permit system was devised during the spring of 
1955. Draft regulations were published in the Federal Register tie 
24, 1955. Final revision in light of the comments that have been 
received was nearing completion as of October 15, 1955. 

An access permit does not provide the holder with information. 
Receipt of the permit is the first step in obtaining access to classified 
information which the AEC specifically determines should be made 
available to the civilian application program—restricted data in both 
the secret and confidential categories. 


(a) General administration of the system 


Four hundred and enty se applications for access permits had 
been granted through October 18, 1955; 344 of these were confidential 
permits and 85 secret.> The AEC currently is receiving approxi- 
mately 90 app ications per month. There had been no denials for 
permits as such. However, in a number of cases involving requests for 


*Provision for research and development assistance and service at AEC facilities is 
covered in sec, 4, Advancement of the Technology. 

*This survey does not include a discussion of symposiums which are now being planned 
by the AEC to os interested private pereeas or groups with specific aspeets of atumie 
planeta One such symposium has been held on chemical processing, others are being 

* These figures do not include 32 companies which have access to secret data as a result 
pi - -irrccall These 32 firms have not converted their study agreements to 

ss permits. 
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secret data, permits have been issued for some of the categories while 
access to some of those requested has been withheld subject to further 
consideration within the Commission or the submission of additional] 
justification. Requests from companies controlled by foreign invest- 
ors are being held up pending further study of legal implications 
involved. 

Specific approval by the General Manager is required whenever the 
Division of Civilian Application proposes to refuse access to confi- 
dential restricted data on the basis that the applicant cannot evidence 
a potential use or application of the information. The same provision 
applies in the case hans the Division of Civilian Application proposes 
to refuse access to secret information on the basis that a “need to 
know” does not exist. In the case of requests for secret permits this 
provision applies either to the request as a whole or to a single category 
of information of which there are 32. : 

The average time required to process a confidential access permit is 
16 days. The average time required is 6 days when the applicant 
included all the required information with his initial request. This 
has been occurring in about two-thirds of the cases. The fact that 
approximately one-third of the applicants were not submitting all 
the required information is an indication of the need to develop de- 
tailed instructions as to what is required to justify issuance of a per- 
mit and the necessary form(s). 

The average time required to process a secret access permit is 27 
days, and 12 days in those cases when the applicant Submits all the 
required information with his initial request. Two to three months 
elapse from receipt of the access permit until the permit holder is 
authorized to receive restricted data.". As of September 1, 1955, 20 
permit holders had completed the total process in terms of being in a 

osition to receive classified data from the Technical Information 
ervice at Oak Ridge. 

A sample of access permits granted in July and assigned to the New 
York Operations Office indicates that 4 to 10 days elapsed between 
issuance of the permit by the Division of Civilian Application and 
notification of the Operations Office. This resulted in permit holders 
contacting the Operations Offices for assistance before they were noti- 
fied that the permit had been issued. Most of this delay stemmed from 
the practice of transmitting copies of the permits through the Wash- 
ington program divisions responsible for the various operations offices. 
This procedure has been changed recently and now notices of permits 
go directly from the Division of Civilian Application to the appro- 
priate Operations Office. 


*The average time required to issue permits for secret restricted data is relatively long 
because a large number of secret applications were pending for a considerable period during 
the summer while the supplemental procedure providing for identification of areas of 
secret information compatible with the Commission’s system for categorizing classified 
information was being developed. It became apparent shortly after the access procedure 
was placed in operation that it would be necessary to have such a procedure so that the 
disemination of secret information could be effectively controlled. his involved develop- 
ment of some category modifications, and declassification of their definitions, so that they 
would be widely available. 

7This applies to access permit holders who have not had previous personnel! security 
clearances and facility approvals. The estimate of time required to complete the process 
for those not previously connected with the program is based on sample of access permit 
experience {n New York and Chicago operations offices. 
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(b) Determining the applicant’s “need to know” 


A major problem involved in issuing access permits is determining 
what information needs to be made available to an applicant who is 
requesting access to secret data. The applicant has to justify his 
need to know in terms of specific categories of secret data, such as 
criticality hazards, instrumentation, and power reactors. There are 32 
of these categories. No access to several of the more sensitive cate- 
gories, such as “special features of naval reactors,” has been 
authorized.® 

Present regulations do not establish specific criteria which an appli- 
cant must meet in applying for a secret access permit. Such criteria 
should be developed and included in the regulations prior to final 
issuance, 


(c) Security clearance 


Once an access permit has been issued the permit holder is respon- 
sible for requesting the necessary personnel clearances and facility 
approval. The personnel investigations involved in obtaining these 
clearances constitute the major time-consuming step involved in the 
total process of obtaining access to classified data. 

Personnel security—A random sampling of 50 cases” granted 
L clearances in August of 1955 revealed that an average of 26 days 
was required from the time the requests for nations] agency checks 
were forwarded by the Operations Offices to the Civil Service Commis- 
sion, to the date that clearance was granted. 

A random sampling of 50 cases granted Q clearance in August 1955 
revealed that an average of 65 days was required from the time re- 


quests for full field investigations were forwarded by the Operation 
Offices to the Civil Service Commission, to the date that clearance was 
granted. 


A study is currently being made of the time required for processing Q clear- 
ances for the PWR project to be operated by Duquesne Light Co. The average 
time required for granted Q clearances for this project during July and August 
1955, varied from 40 to 50 days. 

There are no data available as to the number of Q and L clearances required 
by typical holders of access permits and licenses. The PWR project to be 
operated by Duquesne Light Co. involved requests for 69 Q clearances during 
July and Augtist 1955. 

During July and August of 1955, 186 Q clearances and 598 L clearances were 
processed in *onnection with the whole civilian application program. 

Up to Sept mber 9, 1955, there had been no denials of Q or L clearances to 
holders of access permits. There were four “hold cases” which, upon review, 
required no further investigation. 

Present AEC policy states that each access permit holder is to be granted 
25 clearances free of charge. Additional Q clearances are to cost the permit 
holder $265 each and L clearances to cost $15 each. The policy has never been 
implemented even though each permit holder has been notified that he may 
expect to be charged at a later date for the clearances in excess of 25. 


®No problems are encountered if applicant asks for access to confidential information 
only. The applicant who is granted a confidential permit has access to all categories of 
confidential information which the AEC has designated as available to the civilian ap- 
plication program. 

®°As of October 18, 1955, no access had been authorized in the following categories: 
C-82 reactors—special features of naval reactors; C-83 reactors—special features of 
military package power reactors; C-—85 reactors—aircraft nuclear propulsion systems; 
ate 67, 68 technology—Hanford processes ; C-76, 77, 78—technology, Savannah River 

ocesses, 

* Sample on which time data is based may be inadequate to draw conclusions as to 
average time required to process all clearances. 
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The whole concept of charging is now being reexamined due to the difficulties 
that could arise in trying to administer such a policy equitably.” 

Physical security.—Each holder of an access permit who is to store classified 
data must meet certain physical security requirements.” These requirements 
are, for all practical purposes, the same as those of the Department of Defense's 
industrial security program. Thus, an understanding of physical security re. 
quirements already exists since many private firms, individuals, and universi- 
ties which may be participating in the civilian application program previously 
have been Department of Defense contractors. 

Site inspections involved in granting permit holders facility approvals are 
conducted during the time an access permit holder’s personnel security clear- 
ances are being obtained. Thus, facility approvals do not add an additional 
time period before the access permit holder can receive restricted data. 

The burden placed on an access permit holder in the case of a facility 
approval for storage of confidential information is minimal in terms of staff, 
equipment, and cost. This may not be the case in terms of a facility approval 
for storage of secret data. These clearances involve hiring guards or installing 
AEC-approved alarm systems. 

Due to the highly decentralized nature of the AEC organization there are 
undoubtedly considerable variations in the manner in which the physical 
security requirements are administered. This has been true in the past in 
the case of AEC contractors and there is every reason to believe that the same 
conditions now pertain for the civilian application program. This can be a 
very serious problem in terms of equitable treatment of private interests, par- 
ticularly in competitive business situations. It presents the AEC with a diffi- 
eult problem, particularly in light of its highly decentralized field organization 
and the inadequacy of methods for overall coordination of headquarters-field 
relationships. In an effort to cope with this problem the AEC is: 

1. Revising the physical security standards applicable to both holders of 
access permits and AEC contractors to make them uniform. 

2. Developing a field inspection program directed toward achieving more 
uniform application of the revised standards. 


ACCESS TO RESEARCH AND DEVELOPMENT REPORTS 


What research and development information can an access permit 
halen: canes once he has met personnel and physical security require- 
ments ¢ 

Holders of L clearance permits could receive approximately 700 
confidential reports on research and power reactors and closely related 
subjects as of November 1, 1955."* Holders of Q clearances could re- 
ceive any research and development reports on file at the Technical 
Information Service, Oak Ridge Extension, that fit within the cate- 
gories which his permit authorized. The Classified Distribution 
Branch, Division of Information Services, screens each permit hold- 
er’s request for secret-restricted data against a copy of his permit. The 
Branch then reviews the requested documents to see that they contain 
only information which falls within the designated categories. If 
information is found which does not fit the scope of the appropriate 
category, deletions are made or the permit holder is denied use of 
the document. Review on an individual document basis will continue 
until such time as there is assurance that all documents have been 
correctly categorized. 


11 Those who have in their employ previously cleared personnel, would have a definite 
advantage over a new business enterprise just coming into the field. Charging for Q 
clearances for access to secret information that is soon downgraded to confidential is 
another example of the problems that would arise in trying to charge for clearances. 

12 See 10 C. F. R.. pt. 95. for draft regulations on Safeguarding of Restricted Data, draft 
published in the Federal Register, May 24, 1955. Revised draft nearing completion. 

1%3For a bibliography of these reports see Nuclear Technology; Classified References, 
TID, 3080. The number of confidential reports available to access permit holders 18 
increasing by approximately 20 per workday. 
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There is inadequate experience to determine whether the processes 
used in the Classified Distribution Branch are properly geared to 
serve the needs of the civilian application program. It is suggested 
that they be carefully reviewed. 

The Classified Distribution Branch was recently transferred from 
the Research Division to the Division of Information Services. 
Though located at Oak Ridge, the Branch reports to the Director, 
Division of Information Service, Washington, D. C. Several of the 
functions for which the Branch is responsible, for example, advice 
on which research and development reports should be listed in Ab- 
stracts of Classified Reports, are closely related to the work of the 
Technical Information Service at Oak Ridge. As one possible means 
of achieving greater coordination in the civilian application infor- 
mation program it is suggested that consideration be given to placing 
the Classified Distribution Branch in the Technical Information Serv- 
ice at Oak Ridge. 

(a) Limited issuance experience 

Only 30 orders for classified data had been received in the Technical 
Information Service, Oak Ridge Extension, by September 15, 1955. 
Sixteen of these orders involved secret documents and fourteen were 
for confidential documents only. These 30 orders involved distribu- 
tion of 809 confidential and 165 secret research and development re- 
ports. All orders received had been shipped. 

Pricing, ordering, accounting, and other procedures related to dis- 
tribution of secret and confidential reports have all been developed. 
The administration of these procedures involves considerable detail 
due to the use of two different order forms (one for confidential, an- 
other for secret) and the policy of submitting remittances with orders. 
So far, no back order problem has developed, but there is a continuing 
threat of such a problem due to the lead times involved in publishing 
lists of available documents and receipt of the documents from print- 
ing plants. 


(b) Revision of guides 

Revision of the declassification guide was the first task that faced 
AEC in making classified research and development data available 
to the civilian application program. The existing guide had to be 
brought in line with the criteria in the Atomic Energy Act of 1954. 
Action to revise the Declassification Guide for Responsible Reviewers 
was started prior to the passage of the act. Revisions of the guide 
had to be coordinated with Canada and the United Kingdom. Ob- 
taining the necessary agreements required approximately 6 months 
following passage of the act. The revised guide was available in 
draft on April 1, 1955. It was ready for distribution in final form 
in July 1955. 

This guide forms the basis for many other specific guides which 
are developed by the Division of Classification and for local guides 
prepared by the various operating areas. 

The Declassification Guide for Responsible Reviewers has been 
classified secret on the basis that it contains specific information on 
Weapons application and production of fissionable materials. An 


70101—56—vol. 2-45 
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abridged confidential version of the guide is now ready for distribu. 
tion to access permit holders.** 

The Declassification Guide for Responsible Reviewers makes jt 
possible to declassify practically all basic chemistry, physics, and 
metallurgy reports and much of the information related to the design, 
construction, and operation of power and research reactors. A con- 
siderable body of information, necessary to the successful execution 
of a power reactor program, will have to remain as confidential 
restricted data. Many reports have not yet been reviewed for down- 
grading to confidential or declassification. They are, therefore, not 
available to holders of confidential access permits. 

Industry advice—Some observers have been prone to criticize the 
AEC classification and declassification policies on the basis that they 
do not adequately reflect the problems of private interests desiring 
to participate in the atomic energy program. 

However, in the development and revision of classification guides, 
the Division of Classification has the advice of a Committee of Senior 
Reviewers. This committee is composed of six consultants, each a 
nationally recognized expert in one or more phases of the atomic 
energy field.“ An analysis of the minutes of the meetings of the 
Committee on Senior Reviewers indicates that they play a major role 
in the development of AEC classification policy. 

Analysis of the minutes of the Committee of Senior Reviewers and 
its subcommittee also reveals that only on 1 or 2 occasions have the 
views of private interests been formally sought in the development of 
AEC classification policy. The AEC takes the position that it has 
availed itself of the views of experts familiar with the problems of 
classification. In addition, the staff points out that the Division of 
Civilian Application stands ready to receive any suggestions on classi- 
fication policy that private interests feel require attention. These 
can be placed before the Committee of Senior Reviewers where they 
can be carefully weighed and balanced in terms of their impact on 
security and progress in the application of atomic energy to peaceful 
uses, 

In general we agree with this approach. It provides an oppor- 
tunity for considering the views of affected private interests without 
placing the senior reviewers in a situation where the objectivity of 
their advance may be endangered. If this system is to work, the 
Division of Civilian Application must make it generally known that 
they have a responsibility for receiving comments and suggestions on 
classification policy from private interests. 

The senior reviewers are not always adequately informed as to the 
information that is available from other countries. As a result they 
are not always in a position to render the best advice on desirable 
changes in AEC declassification guides. As a result we may be deny- 
ing information to United States private interests and retarding our 
own progress without any offsetting security advantages. 

Application of guides to current documents.—The revised classi- 
fication guides are now being applied to those research and develop- 


4% Ready for distribution on October 1, 1955. 

% The present committee members are: (1) Warren C. Johnson (chairman), University 
of Chicago; (2) Thomas B. Drew, Columbia University ; (3) Alvin C. Graves, Los Alamos 
Laboratory ; (4) John P. Howe, North American Aviation; (5) Winston M. Manning, 
Argonne National Laboratory ; (6) J. Reginald Richardson, University of California. 
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ment reports which are currently being produced by the AEC and its 
contractors. Application of the guides should result in an estimated 
650 classified and 650 unclassified research and development reports 
being made available to the civilian application program annually. 
(c) The phased downgrading and declassification program 

A program to declassify or downgrade AEC research and develop- 
ment information to meet the requirements of the civilian application 
program was developed by the Divisions of Classification and Infor- 
mation Services during the winter and spring of 195d. 

Major features of the program were— 

\, Use of an opinion-type review “ to speed up the review process. 

2. Documents to be reviewed were to be selected by the staff of the 
Technical Information Services. The following factors were to be 
given major consideration in the selection of documents: 

(a) Direct value of the material to reactor engineers; 

(4) Adaptability of the material to downgrading to “Confi- 
dential—restricted data” without major changes that would in- 
volve extensive new copy preparation ; 

(c) Usefulness of the report to experienced study teams; and 

(d) Availability of the material for distribution by July 1. 
1955. 

3. Actual review of the documents selected was to be performed by 
the AEC laboratories that had developed the reports. This meant 
that the workload, to a great extent, fell on a limited number of tech- 
nical personnel who were already fully occupied in research and devel- 
opment programs, and on persons who were not under the direct 
authority of the Classification Division. 

4, The program was divided into three phases based on estimates of 
the number of documents required. It was estimated that of the ap- 
proximately 28,000 technical reports on file with the Technical Infor- 
mation Service at Oak Ridge, 14,000 might be expected to fall into the 
“Confidential—restricted data” category. These were divided among 
the 3 phases of the program, as follows: Phase I, 500; phase II, 3,000; 
and phase ITT, 10,500. 

Accomplishments under the phased program.—In phase I, about 700 
technical reports were reviewed, of which approximately 400 were 
downgraded from secret to confidential. The first phase failed to con- 
sider whether the documents were declassifiable. The emphasis on the 
documents selected was on reactor technology and closely related sub- 
jects. The review started in April 1955 and was finished in May. 

The phase II goal of documents to be downgraded was reduced to 
2,500 on the basis that approximately 500 could be declassified. Phase 
IT is scheduled for completion by February 1, 1956.°% The Technical 
Information Service had selected 2,829 reports as of October 19 which 
were considered to be subject to downgrading to confidential and war- 
ranted review in terms of their significance to the civilian application 


See AEC Manual, ch. 3402—Declassification, for procedures followed in downgrading 
or declassification of current documents. 

An opinion-type review does not involve the use of responsible reviewers except in 
those cases where their assistance and advice is specifically requested by the person respon- 
sible for the initial review of the staff of the Division of Classification. 

4 This includes all the steps involved in reviewing the documents for downgrading or 
eclassification. The actual printing of approximately 2,000 of the most valuable docu- 
Ments is not scheduled for completion until July 1, 1956. 
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program. Replies from the reviewing sites had been received on 1,696 
of the 2,829 documents. Of ths number, 790 were downgraded to con- 
fidential, 502 submitted for declassification, and 404 rejected either 
because of security or because they had no value to the civilian appli- 
cation program. Six hundred and forty-two documents had been sub- 
mitted for printing. Two hundred reports had been printed and were 
ready for sale to permit holders. 

The rate of downgrading and declassification actions has shown a 
marked increase in the past month. 

The selection problem.—Selection of technical reports to be con- 
sidered in the phased declassification downgrading program has been 
one of the most difficult problems encountered. 

The nature of the problem is exemplified in the responses the Divi- 
sion of Reactor Development received from 20 firms that had ex- 
perience under the previous study agreement program. These firms 
were asked to list what, in terms of their experience, they considered 
were the most worthwhile research and development reports. Fifty- 
seven reports were listed. Only 4 reports were of interest to more than 
1 firm. 

In phase II of the declassification-downgrading program the fol- 
lowing criteria have been established : 

(a) Consideration is to be given to all documents in the broad areas 
of raw materials, feed-materials processing, reactor engineering, and 
technology, and in the specific fields of biology, physics, chemistry, 
metallurgy, instrumentation, mathematics, and health and safety. 

(6) Information pertaining to gaseous-diffusion technology and 
weapons is specifically excluded from the civilian application program. 
Documents devoted to these phases of atomic energy development 
work are not presently considered for downgrading action. How- 
ever, reports containing technical data exclusively will be considered 
for review if deletions of the material relating to gaseous-diffusion 
technology and weapons can be made. 

(c) Age of the iiant Progress reports more than 1 year old 
are usually rejected for inclusion in the information to be made avail- 
able to the civilian application program. 

(d) Type of report: Informal reports and memorandums where 
conclusions might be misleading are not included for consideration. 
AEC administrative and program reports containing no technical 
data are generally rejected. 

(d) Proposal for accelerating the review program 

Progress in reviewing research and development reports for down- 
grading and declassification has not been adequate.” 

Two other major problems, in addition to the rate of progress, are 
of concern to the AEC: 

1. The present program, because of its phased approach, may be 
missing important research and development reports that should be 
made available to those participating in the civilian application pro- 
gram. 


1° Progress was especially slow in the early stages of phase II due to the priority atten- 
tion required on classification matters in connection with preparation for an attendance 
at the Geneva Conference. Since Geneva, however, the reverse has been true. Almost 
half the 600-odd documents which have been reviewed in phase II were processed in the 
3 weeks immediately preceding September 14, 1955. 
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9. The program covers only those research and development re- 
ports which have been filed by contractors with the Technical In- 
formation Service at Oak Ridge. For example, the Schenectady 
Operations Office recently reported that it had approximately 1,200 
research and development reports that should be reviewed, the ma- 
jority of which were not listed with the Technical Information 
Service.” 

A proposal to accelerate the review process was approved by the 
Commission during the last week of October 1955. 

In brief, the proposal involves selecting between 20 and 40 tech- 
nically qualified reviewers from the AEC staff and its various con- 
tractors and sending them to Oak Ridge as a group. They would re- 
view, in the next few months, all the research and development 
reports on file (approximately 28,000) with the Technical Informa- 
tion Service which are of possible interest to the civilian applica- 
tion program. 

To be successful this program will have to solve several problems: 

1. It will have to include review, not only of the reports on file with 
the Technical Information Service at Oak Ridge, but also those reports 
which have been produced by AEC contractors which have never been 
listed with the Technical Information Service. 

2, A system of rating the documents in terms of their usefulness to 
the civilian application program will have to be devised and applied 
to all documents. Ratings are needed to determine which reports 
should be made available first, in what quantities, and in what form 
(printed, microcard, or photostat). 

3. Documents will have to be categorized in terms of the secret 
categories now used in issuing secret access permits. This is necessary 
in order to facilitate the process of filling orders from Q cleared access 
permit holders. 


(e) Major continuing problems 


Even with acceleration of the declassification and downgrading pro- 
gram, the AEC will still be faced with three major problems in making 
information available that is essential for the successful development 
of peaceful uses by private enterprise: 

1. Assuring that contractors make information available to the 
AKC. 

Filling in the information gaps that exist. 

Clarification of the policies, and simplification of the processes 
by which joint AEC-Department of Defense data are made available 
to the civilian application program. 

Assuring that contractors make information available.—The com- 
petitive features of private enterprise plus the natural reluctance of 
many contractor personnel, particularly engineers, to write up their 
technical accomplishments, makes this a particularly “sticky problem.” 
_ Assuring that contractors made available to the AEC technical 
information gained as a result of Government contracts was a problem 
prior to conception of a civilian application program. Members of 
the AEC Advisory Committee on Industrial Information have made 
a number of field visits to AEC contractor sites to identify information 
of use to industry which should be submitted for declassification. 


») 
9 
vo. 


” May not be a typical case since it covers naval reactor information. 
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Washington program division and operations office staffs were also 
instructed to review contractors’ progress in an effort to determine what 
data were being developed that should be written up and made avail. 
able to other participants in the pene Members of these staffs 
have readily admitted that available personnel did not give as much 
consideration to this problem as it probably merited. 

AEC is now in the process of supplementing these efforts by the 
addition of two staff members to the Industrial Information Branch 
to follow contractors’ progress reports. In our estimation these efforts 
will be inadequate. It is suggested that consideration be given to 
supplementing the staffs of the Operations Offices with personnel 
specifically designated to following contractors’ progress on research 
and development work to assure that the results are made available to 
the AEC for possible release to the civilian application program. 

Filling in information gaps.—The technical and scientific reports 
that are now being reviewed for release to the civilian application pro- 
gram were not developed with this objective in mind. They were 
developed under more strict security requirements as to compart- 
mentalization of scientific and technical knowledge. As a result, the 
data being made available are often unrelated and important gaps 
exist. These deficiencies can present considerable obstacles to pri- 
vate interests coming into the field for the first time. 

In an effort to meet this problem, the Technical Information Serv- 
ice has initiated a contract writing program to collect and collate 
the best information on broad subject areas, such as waste disposal, 
fuel fabrication techniques, recovery and beneficiation of uranium and 
thorium ores. This is one of the few aspects of the program that looks 
at information by given fields and not as part of a system of treating 
documents. What is needed by people interested in getting into the 
field is not access to documents but to organized bodies of information. 
More attention is needed in the whole information field to determining 
first what a person needs to get into, for instance, the power reactor 
field, and then deciding how the required information can be pulled 
from various documents and organized in a readily usable form. 

Clarification of policies and procedures related to AE C-Department 
of Defense information.—The files of the Technical Information Serv- 
ice contain approximately 6,000 Department of Defense and 2,000 
joint AEC-DOD classified reports. These reports have been made 
available in the past to AEC contractors and AEC study teams on a 
“need to know” basis. Policies and procedures to make these data 
available to L- and Q-cleared access permit holders had not been 
clearly established at the time this survey was made. Steps were 
being taken by the Technical Information Services, to obtain policy 
clarification in this area. 

The ea of Defense does not have a declassification pro- 
gram similar to the AEC. As a result, AEC-Department of Defense 
technical reports being considered for the civilian application pro- 
eram have to be individually reviewed by the Department of Defense. 
The process is time consuming and there is considerable question as 
to the consistency of the actions taken. 

In the proposed acceleration of the AEC downgrading and de- 
classification program steps should be taken to obtain direct Depart- 
ment of Defense representation on the reviewing teams. This may 
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solve the problem with respect to the backlog of technical information. 
Simultaneously, attention must be given to obtaining clearer _— 
and procedures which can be od eee te downgrading and declassify- 
ing AEC-DOD technical information that is currently being 
developed. 

This analysis of the steps that AEC has taken to make available 
restricted technical data to access permit holders has covered only 
the highlights. We have not covered many important aspects of the 
program, such as developing card catalogs, bibliographies, abstracts 
of technical reports, or the new program to establish classified de- 
positories. ‘These services have been well developed and have been 
of considerable assistance to those already in or contemplating enter- 
ing the field of civilian application. 


ACCESS TO PERSONNEL AND FACILITIES 


The second major method by which access permit holders can ob- 
tain information on the peaceful uses of atomic energy is by access 
to technical and scientific personnel and facilities of the AEC and its 
contractors. 


(a) Present AEC policy 

Present policy on access of permit holders to AEC and contractor 
personnel and facilities is to: 

1. Permit access without charge if the purpose can be interpreted 
as “dissemination of available information within the Commission 
programs.” 

2. Permit access on a fee basis when the permit holder “requests 
the assistance of the AEC or its contractors in connection with specific 
technical problems.” 


(b) Reasons underlying the policy 


Four principal reasons underlie the AEC’s present policy: 

1, Stay out of competition with private business interests. 

2. Assure that the general taxpayer does not stand the costs of 
special services to a particular segment of industry. 

3. Assure equitable treatment to all those desiring access. 

4. Control the impact on the AEC program. 


(c) Eaceptions to the policy 
The policy provides that exceptions can be made when a laboratory 
director deems it appropriate or when, in the judgment of AEC, a 


private individual may produce something of value to the AEC pro- 
gram 
gram. 


(d) Policy on charges difficult to apply 


The criteria which have been issued for the guidance of Operations 
Offices in determining when to charge a permit holder for access to 
personnel and facilities is not specific enough.” In an effort to pro- 
vide more precise benchmarks for carrying out the policy, certain 
Operations Offices have developed additional criteria and procedures. 
Little experience is available on which to judge the adequacy of these 
efforts. However, a literal interpretation of the New York Operations 


2 When are we “disseminating information” and when are we “rendering assistance in 
Connection with specific technical problems” ? 
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Office’s instructions can easily result in contractors taking a negative 
approach toward assisting access permit holders.” 

In light of the lack of specific AEC policy guidance and common 
procedures, there is every reason to believe that the assurance of 
equitable treatment, a major reason for present policy, will be lost. 

These are not the only problems connected with administering poli- 
cies on access to personnel and facilities. Application of the policy 
to facilities which are part private and part AEC-owned, will be 
particularly difficult. Add to this mixed facilities situation an AEC 
contractor who is also an access permit holder. Equitable application 
of the policy, even with specific policy guidance and common pro- 
cedures, is going to be most difficult. For instance, how will an AEC 
contractor look upon requests for access to personnel and facilities in 
the case of a permit holder whom he may consider a potential cus- 
tomer—or a potential competitor? Will both receive the same help 
and assistance ? 


DIRECT PARTICIPATION 


By far the most important method by which permit and nonpermit 
holders obtain technical information as to the application of atomic 
energy to peaceful uses, is by direct participation in the AEC pro- 
gram. Two principal avenues are available for direct participation. 
(a) Becoming an AEC contractor 

There can be little question but that those private interests that 
have been able to participate directly in the AEC program by con- 
tracting to provide services to the AEC have advantages over those 
that have not when it comes to the competitive aspects of the program. 
The number of private firms having access to information as con- 
tractors with the AEC is not readily available. The number of both 
prime and subcontractors is, however, limited to a relatively small 
number of firms principally in the chemical and electronic industries. 
(6) The visiting scientist programs 

These programs enable scientists and engineers from industries and 
universities to join the staffs of the National Laboratories. Although 
their salaries are paid by their own employers, these guests are in 
every other sense members of the technical staff. They follow the 
same procedures and enjoy the same privileges as those directly on 


the perro’ as 
The methods, criteria, and factors used in selecting candidates for 


participation in the various guest scientist programs are not con- 
sistent. There is actually no overall AEC policy regarding these 
programs. Since participation in these programs constitutes a major 


22 See Procedures for Administration of Access Permits Assigned to NYOO, August 16, 
1955, p. 8702-063, section C-1, which states “contractors are expected to use care and 
judgment to assure that Commission operations are not interfered with by too frequent 
and too lengthy consultations and diseussion services.” See also Consultations, Discus- 
sions. Use. of AEC Facilities and Other Services for Private Parties, NYOO, Contractors 
Release No. 92, dated September 8, 1955, page 1, which states “‘Discussions with permittees 
which are for the purpose of disseminating available information within the Commission 
program may be held without charge. You are expected to use care and judgment to 
assure that Commission operations are not interfered with by too frequent and too lengthy 
discussion services. However, requests of permittees for assistance in connection with 
their specific technical problems should be referred by you to private consulting, industrial, 
or other concerns in the field. If this is not possible, you may furnish the requested assist- 
ance, provided full AEC costs are charged, and, of course, provided the services can be 
furnished with no impairment to your AEC work.” [Emphasis supplied.] 
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method by which private interests can obtain information, overall 
policies should be established. Otherwise it is ee possible that 
these opportunities for participation will not be available on an equita- 
ble basis to all those desiring to take advantage of them. 


SUMMARY OF CONTINUING PROBLEMS 


If the AEC is to stimulate private enterprise in atomic energy, 
four major problems as to the access of private persons or groups to 
technical and scientific information still must be resolved: 

1. The downgrading and declassification of the large backlog of 
scientific and technical reports must be accelerated. 

2. Policies and plans for declassifying confidential data must be 
developed as soon as possible.** If this is not done, the effectiveness 
of the security system could be endangered by dissemination of vast 
amounts of information to the public under the guise of security. Such 
wide dissemination will almost certainly lead to disregard of security 
and possible embarrassing security violations. In addition, progress 
toward achieving the congressional mandate to strengthen “free com- 
petition in private enterprise” and any rapid progress in the applica- 
tion of atomic energy to peaceful uses would be greatly retarded. 
[Italic added. | 

Closely related to problems 1 and 2 are— 

(a) Organizing related research and development data in such a 
manner as to facilitate their use by those interested in the peaceful 
application of atomic energy. This involves a massive writing and 
editing job for which the AEC may require additional staff and funds 
to supplement present efforts. 

(6) Assuring that contractors make scientific and technical infor- 
mation available to the AEC so that it can be considered for release 
to those interested in the civilian application of atomic energy. 

(c) Clarifying and simplifying the policies and procedures for 
making AEKC-—Department of Defense data available to those in- 
terested in peaceful uses of atomic energy. 

3. The AEC must take a more positive role in aiding the indi- 
vidual who seeks technical information to obtain what will be useful. 
Little or no assistance is provided, or contemplated, in leading the 
prospective new participant in the civilian apelieaticns field through 
what is a veritable maze of scientific and technical data. 

Additional staff time at the Operations Offices would be necessary 
to change the present approach toward access permit holders who 
have not previously participated in the program. Direct costs might 
be increased, but more important is the increased load that would 
fall on what is still a limited hard core of technically competent per- 
sonnel. These are the same people who are needed to continue AEC’s 
research and development efforts; to write up the findings resulting 
from these efforts; and to review the vast backlog of scientific and 
technical data for the downgrading and declassification programs. 


* Preliminary negotiations are being undertaken with the British and Canadian Govern- 
ments to consider declassification of power reactor information. 

“Whether any overall increase in AEC staffing and staffing costs is required to provide 
additional service to access permit holders is not known. This survey did not cover AEC 
staffing resources and requirements to the degree necessary to determine this. 
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4. More consistent organizational arrangements and procedures for 
handling and serving access permit holders at the Operations Office 
level must be developed. 

Regardless of what degree of assistance the AEC decides to give 
access permit holders, there is still a need for greater uniformity in 
providing the service. Lack of uniformity can readily result in in. 
equitable treatment of access permit holders. Moreover, this lack of 
uniformity will create frustrations for the access permit holder who 
must deal with more than one Operations Office—and most will find 
this necessary. 

To a considerable extent this will be a continuing problem that will 
not be solved by the mere promulgation of written procedures by 
the AEC. This stems from the nature of AEC’s field organization. 
It is apparently well fitted to administer the contracts undertaken 
for research and development. But it is ill fitted to handle a pro- 
gram such as the civilian application program. The various Opera- 
tions Offices presently report to various program divisions. There is 
no single coordinating point in the headquarters organization, short 
of the general manager and his staff. 

The foregoing problems that impede the dissemination of essential 
scientific and technical information on the peaceful uses of atomic 
energy are insignificant when compared with the basic policy ques- 
tions the AEC, the Congress, and the people of the United States 
face in determining what can and what will be made available to 
private individuals. Many informed and thoughtful people still 
doubt that a private atomic industry can be built rapidly while vast 
amounts of basic technical and scientific information must be handled 
under security controls. To attempt to do this poses a threat to both 
the security system and to rapid progress in peaceful uses of atomic 
energy.™ Yet this is the problem that the AEC has been asked to 
cope with in the Atomic Energy Act of 1954. 


A POSTSCRIPT 


This analysis is limited to official methods available to private in- 
terests for obtaining technical and scientific information as to the 
technology of atomic energy. Firms entering this field do obtain 
essential understanding in many instances by (a) hiring AEC tech- 
nical and scientific personnel, (6) hiring technical personnel of other 
companies and academic institutions experienced in the atomic energy 
field, or (<) subcontracting to perform services for major companies. 
Through these avenues some firms get access to information needed 
more expeditiously than through the foregoing official channels. 


3. FoRESEEING Private ENTERPRISE In ATOMIC ENERGY 


The development of a private atomic energy industry will require 
that individuals or firms that contemplate entering this field have, 
in addition to access to technological information : 


* The businessman's problem of never knowing whether he has the latest scientific and 
technical information on which to make business decisions. Even with access to all the 
data available to access permit holders, there is always a question in his mind concernin 
the eel of data classified secret, which if he knew it would change his mine. 

e 


This never-quite-knowing problem can be a strong brake on private enterprise moving ahead 
in the atomic energy field. 
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1, Assurance that a supply of materials will be available at known 
prices 5 ’ I 

9. Assurance that essential processing services will be available at 
predictable prices ; 5. 

3. Assurance that technically qualified manpower will be avail- 
able; ; A 

4. Knowledge of the kinds of provisions that must be made to pro- 
tect workers and the community against the hazards involved; and 

5. Knowledge of what limits will be imposed on the incentive that 


obtains in other fields where entreprenuers may patent or hold as trade 


secrets the developments they discover. 

Hence, this section explores the extent to which these requirements 
exist and what the AEC has done (or has left undone) to establish 
conditions that will stimulate the development of private enterprise 


in the field of atomic energy. 


AVAILABILITY OF MATERIALS 


LEGISLATIVE CONTROLS OVER MATERIALS 


Three types of materials must be available to private entrepreneurs 
if private enterprise in atomic energy is to flourish. The Atomic 
Energy Act of 1954 defines these types as “source,” “special nuclear,” 
and “byproduct.” ee 

Little source material is used for civilian purposes and, hence, its 
availability offers no major Prope This is particularly true since 


it does not appear economically feasible in the near future for private 
industry to convert source material to special nuclear material to 
supply civilian owned and operated reactors. There is no evidence 
that the development of peaceful uses has yet been or will likely be 
impeded by any shortage of byproduct materials. Hence, the prob- 
lem focuses on the availability of special nuclear material. It is this 
material that is of concern to the development of civilian power re- 
actors, 

The McMahon Act of 1946 forbid private ownership or use of sig- 
nificant quantities of fissionable material. Section 53 of the act of 
1954 authorizes the Commission to distribute special nuclear material 
(fissionable) to qualified applicants, even though title to the material 
remains with the Government. Thus the new law, instead of pro- 
hibiting use, allows it under a close system of control. 

Although the act of 1954 made it possible for private entrepreneurs 
to use special nuclear material in production or utilization facilities, 
simultaneously it placed on the AEC responsibility for regulating 
this use to protect public health, safety, and common defense, and se- 
curity. In short, it makes the AEC the supplier of materials, the 
ee of their use, and the promoter of private enterprise in this 
Nei, ; 

The immediate demand for special nuclear materials by private en- 
lerprise is very small. As this demand grows, these three functions 
a for the AEC the continued necessity of reconciling three basic 
actors : 

l. It is the sole producer of U-235. 

_2. It is not expected that any private organization will invest suf- 
helent capital to produce U-235 in the near future. 
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3. The military appetite for these materials is large and growing. 

Can the AEC assure private entrepreneurs and the military both 
that essential materials and processing services will be available as 
required? And can the AEC stimulate private enterprise to invest 
in and provide the basic processing service (production and feed-ma- 
terials, fuel element fabrication and chemical processing) while con- 
tinuing to provide itself these services for the military and for its 
own research activities ? 

To the extent answers to these questions now exist they lie in what 
the AEC has done and is planning with respect to— 

1. Allocating materials between the military, the AEC research 
program, and developing private atomic energy industry (domestic 
and foreign) ; 

2. Providing production facilities to assure that materials and 
processing services will be available for future requirements; and 

3. Establishing policies as to the prices at which materials and 
services will be made available for private enterprise in atomic 
energy. 

ALLOCATING MATERIALS 


It is the President, upon the advice of the AEC, who allocates 
what materials are available to the military and others. For the 
calendar year 1955, only a nominal allocation was made for civilian 
applications. 

ending the next annual allocation, the Division of Civilian Appli- 
cation, which was established after July 1, 1955, has begun to develop 
more precise requirements for civilian purposes. These, when ap- 


proved, will result in a set-aside of special nuclear materials for 
present and foreseeable applicants. Up to October 1, 1955, only 10 
applications for special nuclear material had been received. These 
required only a relatively small quantity which was supplied from the 
Research Division’s allocations. 

Previously, requirements were compiled by the Division of Mili- 
tary Applications. Now, however, because of new uses, there are 
more claimants involved. Hence, a new procedure for compiling the 
overall requirements for special nuclear materials was adopted in 
September 1955. The Division of Source and Special Nuclear Ac- 
countability is now assigned responsibility for assembling the an- 
nual requirements. This Division will collaborate with the other 
staff divisions in estimating the annual requirements and in develop- 
ing the information by which the Commission and the President will 
be provided with a factual basis for their recommendation and de- 
cision. This Division is now establishing the detailed procedures by 
which estimated requirements will be formulated and submitted. 
However, the Division must simultaneously give priority to the de- 
velopment of procedures for its other principal function—maintaining 
allocation control records. 


PLANNING FACILITIES AND MATERIALS 


Responsibility for developing longer term estimates of the require- 
ments for nuclear materials to be used for planning what facilities 
are needed has been assigned to the Office of Operations Analysis. 
This Office reports to the General Manager. It has the general re- 
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sponsibility of preparing technical and economic evaluations of prob- 
lems concerning more than one AEC division. (Current staff, 7 
engineers and economists; planned staff, 11 by July 1956.) 

The AEC has prepared a report on the adequacy of facilities in 
the decade ahead. This report was based, in substantial part, on 
revisions of the Paley Commission’s long-range forecast of power 
crowth. With the assistance of the Reactor Development Division 
and the Research Division, the Office of Operations Analysis estimated 
the speed of nuclear power development and the growth in use of 
reesarch reactors. Assuming that increasing amounts of the needed 
power will be supplied by reactors, they forecast a probable number 
of reactors, the types of reactors to be built, and then estimated the 
consumption of materials. Obviously, this is a tenuous chain of 
assumptions; however, the initia] forecasting attempt has been made 
and subsequent forecast can be refined. 

The AEC is studying this report in conjunction with its attempt 
to anticipate the facilities required to produce the materials required 
by the total program. In the meantime, the AEC also is continually 
reassessing production requirements and capabilities because of the 
need for 3 or 4 years anticipation of additional capacity needs. It is 
assisted by a Production Planning Committee, which includes repre- 
sentatives of contractors and operations offices that meets twice yearly 
to forecast requirements. The Commission reviews and gives final 
approval to production plans which are put into operation by a 
“scheduling group” that includes representatives of the Division of 
Military Application and of operations offices. It meets three times 
yearly to make up detailed monthly schedules for 1 year and quarterly 
schedules for the following year. 

The decisions that come out of these organizational arrangements 
are of large significance in determining the eventual balance between 
public and private enterprise that will obtain in this country’s future 
atomic energy industry. Construction of public facilities now may 
preclude private investment in significant segments of the industry in 
the future. 


PRICING POLICIES 


Any industry or individual ae to invest in a power reactor 
would want not only reasonable assurance of materials supply, but 
also some eee oes of cost. The necessary material to fuel a power 


reactor may be worth as much as $7 million. The AEC plans to lease 
this material to licensees for a 4 percent per year leasing charge. 
Since the material is gradually depleted there will be an additional 
charge for the full cost of expended material plus the cost of re- 
processing partially expended, or degraded material. 

The fuel cost will vary considerably with different types of reactors, 
and hence, be of varying importance to the overall economics of each 
reactor. For example, the Commonwealth Edison plan is to deplete 
the material so substantially that the chemical reprocessing will have 
to be done less frequently and hence will be a minor part of total fuel 
cost. On the other hand, the Detroit Edison plan involves frequent 
reprocessing of the fuel, thereby making the cost of reprocessing a 
critical part of overall fuel costs. 
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In designing an economic power reactor, consideration must also be 
given to the offsetting revenue from such buy-back materials. The 
act allows the Commission to establish guaranteed prices for the buy. 
back of plutonium ee for a period of 7 years. Yet if it were 
to offer high prices for plutonium the AEC might postpone attainment 
of its goal of economic power generation because of design differences 
between production and power reactors. 

In setting prices the AEC must reconcile several requirements of the 
1954 act. It must consider the reasonableness of the proposed price, 
cost recovery, uniformity, and the legislative direction that it shall not 
discourage use, shall not subsidize and shal] not discourage independ- 
ent sources of supply. ) 

Initiation of the power demonstration program made manifest the 
need for pricing fuel and services in order to compute design eco- 
nomics. A proposal, originally drafted by the Reactor Development 
Division (with the collaboration of the Office of Operations Analysis, 
the Controller, the Production Division, and the General Manager), 
was submitted to the Commission December 18, 1954. When ap- 
proved, it became, on January 10, 1955, the price list for special nuclear 
materials and heavy water. ‘These prices are classified confidential; 
supporting data is secret and top secret. 

The basic policy underlying this pricing schedule was approved by 

. ic p A J tis - 5! 7 Wi] 
the Commission on March 14, 1955, when it approved the following 
policy : *° 

Government services to private parties should be on a self-sustaining basis. 
Full costs should be recovered in establishing the prices or charges for materials, 
services, or the use of facilities, unless by Commission action a specific exception 
is adopted for specific types of transactions. Items covered by the full-cost 
pricing policy include materials, use of AEC-owned facilities, research develop- 
ment assistance, manufacturing, and various other services furnished to others. 
In setting such prices, there should be taken into consideration (1) direct ex- 
penses, (2) indirect expenses, including depreciation, and (3) a factor to cover 
AEC overhead, interest on investment, and other expenses which cannot be 
precisely determined or allocated. 


The Division of Civilian Application * is developing more detailed 
speenrnny to make the January 10 pricelist more meaningful. 

pproval of the needed specifications has been held up by a question 
as to its classification. The original objective was to publish the 
pricelist along with the new specifications in the Federal Register 
for the information of all interested individuals and firms. As of 
October 10, the Classification Division had still classified the paper 


4 


“secret” thereby prohibiting its publication. 

No procedures have been formalized for reviewing prices or estab- 
lishing additional pricelists. The Business Services Section is cur- 
rently faced with the problem of developing its own staff (current 
staff, 3; planned staff, 14, July 1, 1956) while avoiding setting unfor- 
ina ee PIRATE by its early application and circulation of price 
schedules. 


** Based on the Independent Offices Appropriation Act, 1952, Position of the Bureau 
of the Budget, dated July 10, 1953, and the Atomic Energy Act of 1954. 

* This Division did not exist when the pricing schedule was originated in late 1954: 
when established on July 1, 1955, the Division was assigned responsibility for developing 
and issuing pricing schedules. 
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PROBLEMS REMAINING 


The AEC has made substantial changes in its organizations and its 
policies to assure availability of materials to prospective entrants into 
this field. These changes offer reasonable promise that the AEC 
will cope with the various problems incident to assuring a supply of 
materials until private industry is big enough to support its own 
source. 

There is need, on the other hand, for more concrete information as 
to the charges that will obtain for services, if private enterprise in 
this field is to be encouraged. The Commission has indicated in a 
classified price schedule the price it will pay on buy-back of plutonium 
for the maximum period permitted by law (7 years). It has also 
indicated the basic charges it will make for lease of reactor materials 
and the basis on which charges for materials are computed. In 
addition, the Commission has indicated the basis on which it will 
compute charges for services. However, because future demands, re- 
quirements, and processes of the industry are not precisely deter- 
minable, it has not yet quoted specific charges for certain major 
services it will render (particularly chemical processing). Nor has 
it committed itself as to the period for which it will render such serv- 
ices. ‘The would-be investor in this field, hence, may naturally feel 
(a) that he is at the mercy of the Commission’s operations and cost 
determinations, and (6) that without concrete information as to 
charges that will obtain he cannot justifiably make sizable investments 
in the industry. 


PROVIDING MANUFACTURING SERVICES 


The use of radioactive isotopes, the segment of the future private 
atomic energy industry that has attained some measure of maturity, 
depends for its continued existence on AEC production facilities. 
Operation of private power reactors which are developmental at this 
point will also be dependent indefinitely on AEC production facilities. 

The primary mission of AEC’s Production Division is, however, to 
produce the necessary materials for the weapons program. Faced 
with a prospective demand for use of these same production facilities 
by a private industry, especially from civilian power reactors, the 
AKC is confronted with a succession of problems as to how it will 
simultaneously meet the military demand, the emerging civilian de- 
mand, and encourage private enterprise in the development of similar 
production facilities. 

This section describes what the AEC has done to make available 
to industry necessary services, and to encourage industry to furnish 
services for itself. 


SERVICING INDUSTRY USING RADIOISOTOPES 


The program for distributing reactor-produced radioisotopes was 
originally formulated by the en early in 1946. Since 
then, producing radioisotopes and providing irradiation services has 


been a rapidly growing Government business. Production is cen- 
tered at Oak Ridge where 12,783 shipments were made in fiscal year 
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1955 for a total revenue of $1,564,149. Assistance in producing special 
items is rendered by other ‘national laborator ies, the materials testing 
reactor, and by the production reactors. 

This is a going business with only minor problems, such as some 
inconsistency of charges between production facilities. This problem 
is currently the subject of investigation by a task force headed by 
the Controller. A paper recommending the establishment of a uni- 
form basis of charges for irradiation services was submitted to the 
General Manager, October 4, 1955. 

Even though the number of customers and shipments is high, the 
revenue is low compared with the investment in facilities. This means 
that there is no practical way that private industry can supply this 
market, except through byproducts from power reactors, without 
having to charge prices that would discourage use of radioisotopes, 
Additional facilities to accommodate increased needs are being built 
at Oak Ridge. 

These facilities are designed to produce isotopes that are not now 
being produced by private ‘enter prise. However, additional construc- 
tion at this time raises the question of whether there may not be a con- 
flict with the avowed AEC policy of eventually turning over this 
type of activity to private enterprise. 


SERVICING PRIVATE POWER GENERATION 


The initial operation of private power reactors will depend heavily 
on manufacturing services to be provided by the AEC. The AEC 
will have to accept the responsibility for servicing these reactors until 
private industry can become self-sufficient. 

In addition to the operation of reactors, there are threé manufac- 
turing services now performed by production facilities owned or con- 
trolled by the AEC in which private enterprise should be expected 
if a private atomic energy industry is to obtain. These services are: 

1. The production of feed- material, i. e., those processes incident to 
the refining and conversion of U,O; to U F, and reduction and casting 
billets. 

2. Fuel element fabrication, and 

3. Chemical processing. 

The problems involved in the evolution of private enterprise in each 
of these areas and the actions taken by the AEC to date are reviewed 
in subsequent paragraphs. 


(a) Feed-material production 


Private enterprise now prevails in the exploration, mining, and 
milling of ores, the first step in developing feed materials. Subse- 
quent steps, refining : and conversion of concentrates and the reduction 
and casting of billets is now performed exclusively by or for the AEC. 
There is, however, general agreement that these are services that can 
be undertaken by ‘private enterprise. 

The several steps in feed-materials production are now carried out 
separately. It may be possible, with further study and experimenta- 
tion, to combine some of the steps in single or adjacent facilities. The 
mills which now simply produce and ship concentrates might extend 
their processing to include at least refining and intermediate conver- 
sion of UF, Based on an input rate of 5,000 tons per year, con- 
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struction of refining and conversion facilities could be expected to 
require an investment of between $15 million and $22-23 million. 
Costs of operating these facilities, if combined with mill operations, 
would probably be less than the same output from separate facilities, 
however. Savings could logically be expected from use of common 
utilities, a combined maintenance crew, and other common services. 

The AEC issued an announcement, October 24, 1955, inviting pro- 
posals for private production of UF, and/or UF,. Under the pro- 
cram announced, the AEC will permit private producers to purchase 
concentrates from AEC or other sources. This will make a combined 
mill, refining, and intermediate conversion facility feasible. In 
evaluating the proposals the AEC will consider overall cost to the 
Government, delivery schedules, and the financial and technical re- 
sponsibility of those individual firms or groups submitting the 
proposals. 


(b) Fuel element fabrication 

Private industry is now preparing to supply fuel elements. This 
came about partly through a program which let cost-type contracts 
to private companies for development work on fabrication techniques. 
The motivating force was the acuteness of the technical problem. 
These companies have constructed experimental elements that have 
been used in AEC reactors. In the process, they have developed 
know-how and facilities. 

The AEC is not requesting funds for facilities to fabricate fuel ele- 
ments for industry reactors even though its present capacity will be 
fully utilized for their own program. The AEC has endeavored to 
interest industry in supplying this need. There have been three appli- 
cations for licenses in this field. Industry’s interest in supplying this 
need may be further stimulated by the announcement for the second 
round of the power demonstration reactor program (issued Septem- 
ber 1955) which indicated that the AEC would not supply fuel ele- 
ments fabrication services. 


(c) Chemical processing 


There will not likely be a sufficient number of private reactors in 
existence for some years to provide a sufficient demand for the chemical 
processing of used fuel elements to support a private processing plant. 
However, a preliminary meeting was held last July at Oak Ridge to 
interest private industry in this operation. About 350 employees of 
access permit holders attended and another meeting is scheduled for 
January. 

In the meantime, the AEC is considering asking for proposals to 
ascertain the readiness and willingness of private industry to under- 
take building a chemical processing plant. One plan being discussed 
is the possibility of diverting sufficient AEC processing requirements 
to the private facility to make up a sufficient demand for the plant’s 
services until an adequate volume of processing needed by private 
reactors geographically concentrated comes into existence. 

Consideration of this plan, as well as the anticipated initial fur- 
nishing of this service from AEC facilities, makes necessary deter- 
mination of the price to be charged for this service, whether it is 
bought or sold. Operations Analysis has pointed out that policies need 
to be developed, particularly in the pricing area where cost recovery 

70101—56—vol. 2——-46 
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must be related to other objectives, such as stimulating building pri- 
vate reactors, private processors, uniformity of prices, and stabiliza- 
tion of prices. 

REMAINING PROBLEMS 


The actions taken by the AEC to date reflect a desire to encourage 
private industry in these three fields. Whether the steps taken are 
adequate cannot be determined definitely. This is particularly true 
since the industry to be served is still emerging. Its size and its char- 
acter depend upon decisions (as to investment and reactor design) 
that have not yet been made. 

The eventual size and character of this atomic servicing industry 
Ww _ however, depend in considerable part on: 

The policy that AEC develops determining whether it will use 
aaa to furnish additional production capacity needed by AEC 
for the weapons and research programs in the future. 

2. The determination of what assistance (amount and type) will 
be provided private industry to get individuals and firms started in 
some of these operations, independent of AEC ownership. 

3. The development of pricing policies for services that will balance 
the various conflicting intents of the act, and provide a better basis for 
computing the economics of getting into the business. 

4. The development by the AEC of more concrete statements for 
the information of private industry regarding the services that will 
or will not be furnished by the Commission’s facilities. 


ADEQUACY OF MANPOWER SUPPLY 


Informed observers agree that the development of a private atomic- 
energy industry in this country will require the expansion of the exist- 
ing supply of technically trained manpower. The magnitude of the 
expansion needed is not precisely known. But it is known that the 

rate of progress that is planned for the entire atomic- “energy program, 
military and civilian, cannot be achieved unless the existing “critical 
shortage of well-trained, experienced scientific and engineering man- 
power’ is overcome.”* Hence, we have endeavored to assess what the 
AEC is doing to meet this problem. 


ESTIMATING MANPOWER REQUIREMENTS 


Little is known within the AEC today as to the requirements for 
scientific and technical manpower, either for the immediate future 
(next 2-3 years) or for the long run (through 1975). The Division of 
Organization and Personnel obtains periodically certain data on the 
manpower requirements of AEC contractors and the Department of 
Defense. However, these data do not provide an adequate basis on 
which to —— impending shortages of scientific and technical per- 


sonnel. or instance, the data do “not provide turnover figures on 


scientists. 


2 See Current Statement of the Atomic Energy Commission on the 5-Year Reactor 
Development Program to the Subcommittee on Research and Development, May 4, 1955. 
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An initial step to obtain technical and manpower requirements out- 
side the AEC program has been instituted by the Division of Reactor 
Development. It has sent a questionnaire to approximately 200 in- 
dustrial concerns active or interested in atomic-energy work. Pre- 
liminary responses to this questionnaire indicate that these companies 
have a substantial need for assistance in developing technically com- 
petent manpower.” ly os 

The only indication as to the magnitude of the need for scientific 
and technical manpower within the AEC’s own program is that of the 
15,900 established positions for scientists and engineers in the AEC 
and its contractors, approximately 945 are vacant “because personnel 
is in short supply.” ‘This is only about 6 percent of selabiidbed posi- 
tions; the proportion does not indicate a large need for additional man- 
power to fill established positions. 

(a) AEC’s role in expanding the manpower supply 

AEC has no clear-cut policies defining what responsibility it accepts 
for expanding the supply of technical manpower. ‘This lack stems, 
toa great extent, from two factors: 

1. The AEC has been given no clear legislative charter for expand- 
ing the manpower supply especially for the application of atomic 
energy to peaceful uses. 

2. There are no clear quantitative and qualitative data as to the na- 
ture and extent of both the short- and long-term manpower needs. 

To state that no overall policies and objectives exist does not mean 
that the AEC is not undertaking directly, or supporting in contractors’ 
operations and universities, extensive and varying types of training. 
This is particularly true of the Divisions of Reactor Development, Re- 
search, and Biology and Medicine. In the case of the Division of 
Reactor Development, the training objectives have been clearly set 
forth. Briefly stated they are: 

1. Alerting and informing industry, professional societies, and 
universities as to technical manpower needs. 

2. Training in Government facilities where private facilities are 
inadequate in terms of equipment and staff. 

3. Advising and assisting universities and industry to get in a 
position to perform their traditional educational and training roles. 

The Division of Organization and Personnel has just completed a 
survey of the various training activities conducted or supported by 
the AEC. These may be classified in three groups. 

1. The AEC and its contractors train employees to meet the Govern- 
ment’s current and short-range requirements. For example: 

(a) Fellowships are provided in radiological physics, industrial hy- 
giene, and medicine. 

(6) Courses in reactor technology are offered at Oak Ridge and 
Argonne National Laboratories. 


* See the following table: 

Number of companies reporting 

Number of present employees that reporting companies wish to send to 1-year- 
long reactor technology training courses over the next 3-year period_____ 

Number of present employees of reporting companies to be trained through 
1-year on-the-job training programs at a national or contractor laboratory— 

Number of present employees or reporting companies to attend a short 
(1 to 3 months) reactor technology training course 

Additional engineers with prior specialized training in atomic energy work 
to be hired by reporting companies in the next 3 years 
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(c) Facilities for contractor-operated schools, and courses for tech- 
nical employees, such as the school operated by General Electric at 
Hanford, are provided. 

(d) Contractor employee training is supported at outside institu- 
tions, e. g., Westinghouse scholarships. 

2. The AEC carries on some training to support industrial growth, 
both short and long term. For example— 

(a) It promotes interest in science studies at the secondary school 
level through educational literature ad exhibits. 

(5) It assists in retraining teachers by providing summer employ- 
ment of professors at AEC laboratories. ; 

(c) It trains and retrains technicians such as reactor engineers, re- 
actor operators, health technicians, skilled mechanics, and craftsmen. 

3. The AEC offers training to support the international cooperation 
program. Examples are— 

(a) Argonne National Laboratory School of Nuclear Sciences and 
Engineering. 

(6) Encouraging universities to establish courses to meet the needs 
of students from foreign countries. 

The extensive nature and variety of AEC-sponsored training activi- 
ties is revealed by the summary set forth in the appendix to this 
survey.*° 


(6) Organization of manpower functions 

Such responsibility as the AEC accepts for meeting this problem is 
now widely dispersed among the various headquarters divisions of 
the AEC. At no place in the AEC are these various manpower re- 


sponsibilities, functions, and activities pulled together, reviewed, and 
adjusted in the light of changing conditions. 

From 1947-50 a position of Adviser on Scientific Personnel existed 
in the Division of Organization and Personnel. The incumbent gave 
leadership and coordination on rorcaagt sgorceensn during a period 
when the extensive expansion of the AEC program created severe 
personnel shortages. 

The role of this adviser began to lose its importance in 1950 when 
indications were, at least from a quantitative point, that AEC’s man- 
power requirements could be met. The work of the staff, associated 
with the Adviser on Scientific Personnel, steadily decreased in im- 
portance until it involved only handling selective-service deferments, 
fair employment practice matters, and the analysis of the various 
manpower reports. The staff was finally abolished on March 20, 1955. 

The position of adviser on scientific personnel is now being reestab- 
lished. Justification for reestablishing the position is based on AEC’s 
enlarged training responsibilities under the Atomic Energy Act of 
1954 and the need to focus responsibility within AEC for giving 
leadership to and coordinating all AEC-sponsored training and edu- 
cational activities. Implicit in the proposed functions of this position 
is the provision of one point in the AEC where private interests can 
look for information as to available manpower resources and require: 
ments, and as to AEC training and educational activities. 


% Prepared by the staff of the Division of Organization and Personnel in conjunction 
with their recent survey of AEC’s training programs and responsibilities. 
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AN APPROACH TO THE PROBLEM 


The AEC faces three major problems in expanding the supply of 
technical and scientific manpower : 

1. The AEC’s charter as to its role in expanding the supply of 
technical and scientific manpower for the civilian application aspects 
of atomic energy is unclear. 

9. Inadequate information exists as to the nature and magnitude 
of the manpower problem that the atomic energy industry faces, both 
short and long term. 

3. There is a lack of internal coordination and leadership of the 
AEC’s present training and educational programs and activities. 
Part and parcel of this same problem is the fact that there is no one 
point in the AEC where private interests can look for information on 
AEC-sponsored training programs and activities. 

What can AEC do to solve these problems? The following steps 
may provide solutions to these problems: 

1. Establish immediately a small staff reporting to the Director of 
the Division of Organization and Personnel to develop manpower re- 
sources and requirements data covering the next 2 to 10 years for all 
major aspects of the atomic-energy field, Government and civilian. 
This is and must be a function of Government. No other person or 
group is in a position to handle this aspect of the manpower problem. 

2. Develop overall AEC policies and programs, based on the analyses 

of resources and requirements, to make specific what the AEC should 
do to expand the manpower supply. 
- 3. Present the proposed policies and programs to the public and 
to the appropriate committees of Congress. At a minimum this will 
clarify AEC’s role in the manpower field and place private industry 
and the universities on notice as to the extent of assistance they can 
expect from the Federal Government. 

4, Establish one organizational point in the AEC to provide direc- 
tion and coordination to whatever training and educational programs 
and activities AEC conducts. Regardless of the magnitude and 
nature of AEC’s role in the training field some one point is needed 
where industry and other private groups can turn to obtain a full 
picture of the advice and assistance available from the AEC. If 
AEC’s training and educational programs and activities are expanded 
to any degree beyond what they are now, it may be desirable to estab- 
lish a small, central staff unit independent of any existing organiza- 
tional unit. This will help to provide the organizational stature 
and prestige required to attract capable personnel and to provide 
leadership and coordination to the manpower programs and activities 
of other headquarters division. 


PROTECTION AGAINST HAZARDS 


The magnitude of the hazards to the health and safety of workers 
and of the community is generally recognized. But the nature of 
the provisions that private entrepreneurs must make if they would 
enter the atomic-energy industry and the economics of these provisions 
ls little known. The individual and the firm who would enter this 
industry is confronted with a vast obligation, social and economic, the 
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limits of which are so uncertain as to deter the large investments fre- 
uently involved. 

The AEC’s obligation under the Atomic Energy Act of 1954, to 
ensure adequate protection against hazards, is clear. Here we pro- 
pose to describe the manner in which this obligation is administered, 
where the responsibility for administration 1s assigned within the 
AEC, the extent to which requirements imposed upon the entrant to 
this industry are clear, and the extent to which the entrant is assisted in 
meeting stipulated requirements. 


HAZARDS ARISING FROM USE OF RADIOISOTOPES ** 


(a) AEC’s Role 


Section 81 of the Atomic Energy Act of 1954 states that the AEC 
shall not permit distribution of byproducts unless the license appli- 
cant is equipped to observe safety standards established by the ie 
mission. This provision is essentially the same as that included in 
the McMahon Act of 1946. 

During the 8 years of growth in the radioisotope business, various 
safety guides for usage of these materials have been developed. The 
Bureau of Standards, the United States Public Health Service, the 
National Committee on Radiation Protection, and other interested 
groups and agencies collaborated with the AEC in achieving these 
developments. The AEC’s objective has been to encourage peaceful 
use of radioisotopes while insuring reasonable protection for public 
health and safety. This twofold objective has been substantially 
accomplished. 

(6) Application of Safety Procedures 

Actually, safety regulations have not been officially promulgated. 
Only recently has the Division of Civilian Application published 
notice of proposed regulations in the Federal Register. Nonetheless, 
sound and expeditious practices have generally been available to meet 
the needs of private business who wished to use radioisotopes. 

These safety regulations have been enforced through (a) the re- 
view of license applications and (0) field visits by members of the 
Radiological Safety Branch of the Isotopes Division. The 9 men in 
this branch visit 500 firms per year to check and advise users on safe 
handling of materials. During the first 8 months of this year 4,762 
applications were received and 4,471 approved. These figures sug- 
gest that this review process does not impede the use of radioisotopes. 
Ninety percent of the applications were approved within 10 days. 
In general, sufficient experience has been gained to develop relatively 
s.mple criteria for determining possible hazards.” 


HAZARDS ARISING FROM POWER REACTORS 


(a) Lega! Basis for AEC Responsibility 

The McMahon Act of 1946 authorized the AEC to write contracts 
which indemnify AEC contractors and their insurance carriers against 
liability arising from use or production of fissionable materials 1n 


%1 Hazards resulting from reactor operations are both greater and less predictable than 
those resulting from use of byproducts. i 

22 Regulatory procedures are centralized in the Isotopes Division at Oak Ridge (54 people 
6 years ago, Now 58). 





PEACEFUL USES OF ATOMIC ENERGY 709 


Government-owned plants. The 1954 act does not change these pro- 
visions. However, it make no provision for Government aid in under- 
writing the risk involved in operating reactors that are not Govern- 
ment owned. In fact, section 53C states that, as a condition of license, 
every licensee of special nuclear material shall “hold the United States 
and the Commission harmless from any damage resulting from use or 
possession.” 

Section 101 of the 1954 act makes it unlawful to own a reactor with- 
out a license and, further, leaves the determination of the adequacy of 
protection for the public health and safety to the AEC. 


(b) The AEO’s Role 


The AEC is obligated to encourage the development of the peaceful 
use of atomic energy while assuring the safety of workers and citizens. 
In striving to meet these dual objectives it must determine— 

1. Before a license is granted, what safeguards should be effected 
by an individual or firm desiring to operate a reactor ? 

2. What action is necessary to obtain adequate insurance coverage 
for potential reactor operators ? 

Determining the hazards.—The first determination involves three 
related steps. First, knowing what the hazards are; second, et 
ing and disseminating criteria or standards that would adequately 
safeguard the reactor operator; and third, developing procedures and 
organizational arrangements for processing license applications of 
users in these hazardous areas, 

In the reactor field, knowledge of the possible circumstances that may 
cause a critical accident is limited by the newness of the technology 
itself. Hence, precautionary measures can only be developed as the 
hazards are recognized. Knowledge of the effects of radiation, on the 
other hand, is well advanced and continual study is being carried on 
by the Division of Biology and Medicine. 

More critical to accelerating the practical use of power reactors is 
the development of economic safeguards against the dangers of radio- 
active contamination and an economic means for disposing of waste 
materials. The Engineering Branch of the Division of Reactor Devel- 
opment is conducting programs in both areas. For example, their 
spurt experiments, where excess reactivity is intentionally induced in 
a reactor, have added to the general knowledge of what safeguards 
are necessary. 

The basic problem remains, however—each design creates new un- 
knowns and until some prototypes can be developed and experience 
gained, knowledge of hazards and the protection required will be lim- 
ited. During this initial period excessive safeguards will be invoked 
until additional experience is gained. 

Acting on applications.—Up to October 1, 1955, the Advisory 
Committee on Reactor Safeguards has had two large responsi- 
bilities. It has determined what safeguards should be required with 
respect to each license application for a private power reactor. It 
has also been responsible for developing preliminary criteria for 
reactor safeguards. 

_Nine license applications for private power reactors have been con- 
sidered. In addition the Committee considered 27 cases which did 
not involve license applications. During this period the Committee 
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met 5 times (averaging about 214 days each) and 15 subcommittee 
meetings were held to consider individual cases. 

To date each license application has been handled individually. The 
requirements set forth in part 50 of the proposed regulations, pub- 
lished in the Federal Register, state that an applicant must submit a 
“hazards summary report.” The main portion of this report is a 
statement of soatbls critical areas in operating the reactor and what 
measures have been taken to safeguard operation. Thus the burden 
for the safety of the design is placed on the designer. 

Developing and disseminating criteria—The experience derived 
from handling these applications provided the foundation for the 
development of criteria as to safeguards that all applicants will be 
expected to provide. Even prior to January 1, 1955, however, a sub- 
committee of the Advisory Committee developed preliminary power 
reactor tentative standards. This brought together what experience 
and opinion was then available and provided a basis for further staff 
consideration. 

Similarly the Division of Reactor Development has prepared a pro- 
posed Research Reactor Code which the Advisory Committee is also 
circulating for comment. The Committee’s goal was to submit these 
preliminary codes by July 1956 for approval by the General Manager. 
It is not expected they will offer definitive criteria for safeguards be- 
cause additional knowledge of hazards and how they may be pro- 
tected against is needed. It is hoped they will provide more certain 
guides than now exist. 

Professional societies are assisting in developing safety criteria 
for specialized aspects of reactor development. For example, the 
American Society of Chemical Engineers has a special committee on 
nuclear codes for pressure vessels. Through the efforts of the Ad- 
visory Committee on Reactor Safeguards the AEC has entered into a 
contract with Nuclear Development Associates to write a manual de- 
scribing the problems which arise during criticality experiments. 
The Committee has served helpfully as the coordinating point for 
these activities. 

Organizational responsibility.—In July 1955," the AKC established 
a reactor hazards staff in the Office of the General Manager. This 
staff was given responsibility for developing “standards, guides, and 
codes for the design, operation, supervision, containment, and location 
of reactors necessary to the public health and safety.” The chief of 
this staff served as an associate member on the Advisory Committee. 

In October 1955 the reactor hazards staff was assigned to the Divi- 
sion of Civilian Application. This step was taken to centralize all 
responsibilities in this Division. In practice, the staff (3 technical 
men and 2 secretaries) works closely with the Advisory Committee and 
is gradually relieving it of the spade work involved in collecting data 
and in developing and evaluating standards. The Chairman of the 
Advisory Committee expects that within 2 years it may confine its 
attention to policy considerations—a more logical function for an 
advisory committee. Its concern with actual operations, on a part- 
time basis, emphasizes how little the would-be entrant into the field 
of atomic energy may know about the hazards involved and safeguards 
required. 


% AEC Manual, ch. 8401, July 18, 1955. 
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(c) Insurance needed 


Potential reactor operators confronted with the possibility of in- 
definite hazards, have sought insurance coverage beyond the limit that 
insurance companies have been willing to underwrite. This has been 
recognized by the AEC as an obstacle to the development of private 
reactors. The objective of the AEC is to determine what insurance 
private operators and constructors will require and how close private 
companies will come to meeting these requirements. The AEC is con- 
sidering the need for legislation on this matter and expects to reach 
some conclusions before Congress next convenes. 

In March 1955, the AEC sponsored a study of this problem by in- 
surance-company executives designated by the four major associations 
of fire and casualty companies. The group opinion at that time was 
that some legislation would be necessary. 

During April 1955, the insurance study group submitted a prelim- 
inary report. It offered the following conclusions: 

1. Catastrophe potential, although remote, is more serious than 
anything now known to industry. 

2. Insurance capacity for physical hazards similar to hazardous 
chemical operations appears alicleate to cover reactors. 


3. Public liability hazards are insurable up to normal limits for 
hazardous operations. 

4. It is not the group’s function to determine whether or not legis- 
lation should be proposed. 

Subsequently, in August the AEC staff concluded that study of the 
problem has not yet demonstrated a need for legislation for some form 


of Government insurance. The staff also recommended that: 

1. The Division of Civilian Application ask organizations who have 
submitted power demonstration reactor program proposals and sev- 
eral companies actively engaged in plans to manufacture reactors, to 
comment on the Insurance Study Group’s preliminary report. 

2. The group be asked to continue studies to develop more precise 
conclusions. 

After circulating the proposed letters to the Commissioners for 
comment and sending copies to the Joint Committee and the General 
Advisory Committee, the Division of Civilian Application wrote on 
September 12 to proposers and to the North American Aviation Co., 
AMF Atomics Inc., Babcock & Wilcox, the General Electric Co., and 
the Westinghouse Electric Co. asking for their comments on the in- 
surance problem. 

Six replies were received by November 1, 1955. Two of the replies 
contended that Government catastrophe insurance would be essential 
and recommended development of a legislative program. The others 
expressed the need for early solution to insurance problems. They in- 
dicated that private insurance would probably be adequate for some 
of their needs but that they saw no immediate solution to the problem 
of third-party liability. 

Undoubtedly the problem of ensuring protection against hazards is 
magnified at present by the limited knowledge of actual hazards and 
by the lack of accident experience to date. Organizationally, the re- 
cent move of the AEC to consolidate reactor hazard considerations in 
the Division of Civilian Application provides a logical focus of re- 
sponsibility for coping with this evolving problem. This Division 
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will, however, be confronted for an indefinite period with (a) the 

roblem of making known criteria and standards of protection while 
cnowledge of hazards and safeguards is limited and (6) the necessity 
of enforcing essential safety standards, and their adoption by the 
States, while ensuring the reflection in these standards of practical 
and economic operating experience. 


THE INCENTIVE OF PATENT RIGHTS 


A major stimulus to progress in many industries, and particu- 
larly those in which technology is a primary element, is the right to 
patent or to hold as a “trade secret” those discoveries or developments 
an individual uncovers. In the field of atomic energy this stimulus 
has been circumscribed. Hence, in assessing what the AEC is doing to 
facilitate the development of private industry in atomic energy, ap- 
praisal of the problems involved in the patent area is of primary 
concern. 

The Atomic Energy Act of 1954 enlarges the area within which 
discoveries and developments may be patented. Patent rights for 
items useful in atomic weapons are still automatically excluded from 
patenting, although the inventors may receive a monetary award. In 
all other areas except weapons, however, private patents are permitted, 
with certain reservations. 

Four principal provisions of the 1954 act give rise to patent 
questions: 

1. Section 152 provides that certain inventions (those useful in pro- 
duction or utilization of special nuclear materials) conceived in the 
course of a “contract arrangement or relationship” with the AEC are 
deemed to belong to the AEC unless it waives these rights. 

2. Section 153 permits compulsory licensing on certain items for 
which patent application is filed prior to September 1, 1959. 

3. Section 155 bars patents on the basis of prior knowledge or use 
of an invention, even though such prior use or knowledge was under 
secrecy within the atomic-energy program. 

4, Section 151 requires that inventors report certain inventions or 
discoveries to the AEC within 90 days or file an application with 
the Patent Office. 

ORGANIZATIONAL RESPONSIBILITY 


The Patent Branch of the Office of the General Counsel assists in 
developing patent policy and is responsible for administering patent 
provision. Operations offices assist in administering the patent pol- 
icles in contracts and other arrangements. This includes applying 
appropriate policy to a given situation, negotiating provisions in con- 
tracts, initially handling invention reports, and ascertaining facts as 
to when it may be appropriate for the AEC to waive its patent rights. 

Assistance in patent matters has also been given by a Patent Com- 
pensation Board. This group, appointed by the Commission, reviews 
applications for royalties and compensation that may be given for 
inventions or discoveries related to atomic energy. The Board deter- 
mines what amounts should be awarded and submits its recommen- 
dations to the Commission for final approval. In addition, the Com- 


*% Public Law 703, 83d Cong., the Atomic Act of 1954. 
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mission may grant special awards, upon recommendation of the gen- 
eral advisory committee and approval by the President, for especially 
meritorious contributions to atomic energy. 


PROBLEMS ARISING FROM PATENT PROVISIONS 


Although provisions of the 1954 act did enlarge the area within 
which discoveries and developments might be patented, four basic 
questions still must be answered if patents are to serve as a stimulus 
for private inventions. 

1. Under what circumstances where a relationship might exist will 
the AEC waive its rights and, in effect, permit a private individual 
or firm to obtain patent rights ? 

2. Under what circumstances will the compulsory licensing author- 
ity be exercised ? 

3. What effect will the classification of information have on patent 
rights ? 

(a) Will United States classifications of inventions as secret 
prohibit the inventor from obtaining patent rights in foreign 
countries ¢ 

(6) How can the prior knowledge or use provision of section 
155, together with the fact that a vast amount of information in 
this field is highly classified, keep from discouraging independent 
inventors ? 

4, Under reporting requirements of the law, how can trade secrets 
be maintained ¢ 

A discussion of each of these major questions follows. 


PERMITTING PRIVATE PATENT RIGHTS 


During the period while an atomic-energy industry is growing, 
private industry is highly dependent on the AEC for knowledge and 
assistance. Conceivably, almost every development by private parties 
will stem, in part at least, from a contact with the AEC. Under the 
law, therefore, the AEC could claim rights to almost all developments 
in this field. 

If patents are to be used as an incentive to private development, 
it is important that the AEC make known precisely what constitutes 
an arrangement or relationship with it (sec. 152). It is important 
also that it make known the circumstances under which it will waive 
claims to such patents. AEC’s policies on these matters can either 
make patent rights a potent incentive or they will cause them to have 
a stifling effect on private progress in atomic energy. 

Under the access permit program the AEC waives all its rights 
granted in section 152 to inventions or discoveries resulting from 
access to confidential-restricted data but not from access to secret data. 
In connection with secret data, it retains an irrevocable, royalty-free, 
nonexclusive license for Government purposes. : 

The AEC is now considering a proposal to change this provision. 
In the future, if the proposal is approved by the Commissioners, the 
AKC will waive its patent rights regardless of the degree of classified 
information authorized the access permit holder. In return for 
its waiver the AEC will require permittees to waive claims for dam- 
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ages or compensation under section 183, title 35, United States Code, 
and section 173 of the Atomic Energy Act.** 

Under the program for using AEC’s research and development 
facilities for private purposes, the AEC enters into a formal arrange- 
ment with the facilities user. It does not waive its patent rights 
(except in those cases where it sells isotopes or furnishes irradiation 
services). The user, despite the fact that he will pay for use of the 
unique facilities, suetally will obtain nothing more than a royalty- 
free, nonexclusive license. This provision, as will be pointed out in 
section 4, may reduce the number of requests for use of AEC facilities, 
This in turn could reduce the effectiveness of the AEC programs to 
broaden participation in atomic-energy programs and stimulate pri- 
vate research and development. 

These interpretations of section 152 constitute a significant step in 
the evolution of private patents in the field of atomic energy. They 
evidence, too, an alertness to the needed stimuli for the development 
of private research. 

COMPULSORY LICENSING 


The provision for compulsory licensing was hotly debated during 
hearings on the proposed act of 1954. Objections centered mainly on 
the point that compulsory licensing was contrary to commonly ac- 
cepted American patent principles. Proponents of the provision 
argued that it was necessary in order to prevent giving insiders, those 
who had been contractors for the AEC, a head start which they might 
use to monopolize the field. 

The AEC has stated its interpretation of this provision in hearings 
before Congress.*® Essentially, the AEC looks on this as a reserve 
power that will not be invoked except for compelling reasons, e. g., 
wartime emergency. The Commission has had no occasion or experi- 
ence to use this provision, and contemplates none. 


CLASSIFICATION AS RELATED TO PATENT RIGHTS 


Classification of information has an important effect on patent 
problems. For example, United States industrial firms or individu- 
als may develop a patentable item, but the item may be classified 
secret under present rules. Yet, scientists in foreign countries may 
develop the same or similar items independently or indirectly through 
information received at scientific meetings and obtain a patent in other 
countries. The American, because he was unable to obtain a patent 
for reasons of secrecy, has no rights on the invention in the foreign 
country even though he may have developed it first. Where a bilateral 
agreement is in force, however, the inventor can be protected (pro- 
vided the agreement includes the information on which his invention 1s 


based). 


% Sec. 183, title 35, U. S. Code, covers damages resulting from secrecy orders. Sec. 1738 
of the Atomic Energy Act covers compensation in the event the AEC communicates to any 
nation restricted data based on a patent application not belonging to the United States. 

* Hearings before the Joint Committee on Atomic meray on development, growth, and 
state of the atomic-energy industry, January 31, February 1, 3, and 4, 1955. 
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This problem is primarily one of proper classification of informa- 
tion under the law rather than one of administration of patent provi- 
sions. It is a problem faced by the developer of any item that affects 
national security and is not unique to the atomic-energy field. How- 
ever, it places a burden on the AEC to make certain that it does not 
overclassify information. The AEC attempts to avoid overclassifica- 
tion by reviewing classification criteria periodically. (See sec. 2.) 

Section 155 of the act raises a related problem of classification. 
Much knowledge in this field was developed under secrecy. It is diffi- 
cult, if not impossible, for an independent inventor to have knowl- 
edge of this secret work; yet, under the law, an inventor might spend 
considerable time and effort on a development and find later that he 
is denied a patent because someone else had prior knowledge or use of 
the development under a secret AEC program. 

This provision could serve to make the patent system less effective 
as an incentive in this field. This problem is one facing inventors in 
any field, but in atomic energy it is made more acute by virtue of the 
fact that so much knowledge of the subject is classified. To date, only 
that prior knowledge or use that has been reported in AEC technical 
reports, publications, and AEC patent applications has been applied 
by those reviewing patent applications. Conceivably, however, lab- 
oratory notebooks or other data might serve as evidence of prior know]- 
edge or use and thus bar issuance of a patent. A more precise defini- 
tion of what constitutes evidence of prior knowledge or use than is 
now available in the law is required. 


REPORTING REQUIREMENTS 


Normally, firms or individuals who develop or discover something 
have the option to seek a patent or to hold it as a trade secret. In the 
atomic-energy field, however, the invention or discovery must be re- 
ported to the AEC if a patent application is not filed. This provision 
was apparently intended to enable the AEC to keep current on all 
developments in atomic energy. 

The AEC handles these reports and patent applications forwarded 
to it by the Patent Office as business confidential. 

These provisions offer adequate protection for the firm desiring to 
hold its trade secret. 

In the summary, the patent provisions of the act of 1954 may deter 
some individuals or firms who contemplate entering the field; on this 
we offer no judgment. In our opinion, the patent provisions are be- 
ing satisfactorily handled within the existing organizational frame- 
work. However, some of the patent provisions adopted within the 
framework of law (e. g., patent provisions applied to arrangements 
for private use of R. and D. facilities and waiver requirements) are 
subject to question if it is intended that AEC facilities are to be 
opened for considerably more private work. To date there have been 
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few cases where policies adopted were questioned. However, as more 
and more private activity develops in this field, these policies may be 
challenged frequently. 


4. Tur ADVANCEMENT oF TECHNOLOGY 


The AEC’s objectives in advancing the technology of atomic energy 
are twofold: (a) to assure scientific advance by conducting research 
and development (primarily through contractors); and (6) to en- 
courage maximum scientific and industrial progress for the Nation 
by assisting and fostering private research. 

These two objectives are complementary and equally essential to 
the encouragement of private enterprise in the development of peace- 
ful uses of atomic energy. The benefits of atomic energy in many 
uses still are to be released by patient scientific ingenuity. That 
scientific ingenuity will more likely flourish if the accumulated knowl- 
edge of atomic energy is made as widely known as national security 
will permit, and if many scientists are stimulated to contribute to 
developments in this field. ‘The Commission’s efforts to achieve these 
objectives are described and appraised in the following pages. 


RESEARCH AND DEVELOPMENT PROGRAMS FOR PEACEFUL USES 


The research conducted by the AEC that will affect the development 
of peaceful uses are carried out in three broad fields. They are (1) 
the physical sciences (under the Division of Research), (2) the life 
sciences (under the Division of Biology and Medicine), and (3) re- 
actors (under the Division of Reactor Development). Coordination 
and overall direction of these three programs is the responsibility of 
the Assistant General Manager for Research and Industrial Develop- 
ment who, along with the program divisions, is located in Washing- 
ton. 

The growth in the programs of each of the 3 divisions during the 
past 5 years is reflected by the following comparison of annual oper- 
ating costs. 





1950 1955 


Percent of Percent of 

Operating total AEC Operating total AEC 

costs operating costs operating 
costs 


Millions Millions 
Physical research $40. 


ya , 9 
Biology and medicine...._...............--.-.. ; 26. 8 
Reactor development , ‘ 97.1 





By the end of fiscal year 1955 investment in research and develop- 
ment facilities, including both completed plant and construction 1n 
progress, amounted to $742 million. This represented 11.4 percent 
of the AEC’s total investment in facilities and equipment of $6.5 
billion. 
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(a) Physical research 

The physical research programs of the AEC, under the direction 
of the Division of Research, include basic fundamental investigations 
in physics, chemistry, metallurgy and materials, and isotopes. The 
results may be applicable for eithér military or peaceful uses. 

Increases in the operating cost budget for the physical research 
programs have been gradual and steady, in recent years increasing 
approximately 36 percent between 1950 and 1955. Currently, increased 
emphasis is being devoted to the field of high-energy physics in order 
to assure an adequate basis for continuation of the Nation’s progress 
in atomic energy. 

Work on these physical science programs is now carried out in 12 
AEC laboratories and almost 300 university and other (or offsite) 
laboratories not under AEC control. About 70 percent of total costs 
are accounted for in expenditures by contractors operating AEC 
facilities, and the remaining 30 percent by the other laboratories. 
This represents a broadening of offsite work since 1950 when slightly 
less than 25 percent of total physical science program costs were 
incurred on only 135 offsite contracts. 


(b) Biology and medicine 

The Division of Biology and Medicine conducts research and devel- 
opment programs which include investigations in the fields of biology, 
biophysics, and medicine, as well as more specific investigations on 
cancer. They include also designing and testing instruments for 
detection of radiation. Results obtained may be applicable for either 
military or peaceful uses, 

Increases in the budgeted operating costs of these programs, like 
those in the physical sciences, have been gradual and steady, increas- 
ing approximately 50 percent between 1950 and 1955. 

Work on these programs is now conducted in 13 AEC and 200 uni- 
versity and other offsite laboratories not under AEC control. About 
70-75 percent of total expenditures are incurred at AEC facilities and 
25-30 percent at independent laboratories. Compared to 1950, this 
represents an expansion of offsite work. In that year, biology and 
medicine programs were conducted at 11 AEC laboratories and ap- 
proximately 100 offsite laboratories. Only 12 percent of total costs 
of the programs was incurred at offsite laboratories. 


(c) Reactor development 

The programs of the Division of Reactor Development are aimed 
at developing reactor technology generally, and at developing spe- 
cific civilan and military power and propulsion reactor concepts. 
The programs of this Division divide fairly logically into military 
and civilian categories. However, developments in one category nat- 
urally affect and may be directly applicable to the other. 

Budgeted operating costs for the entire reactor development pro- 
gram increased almost fourfold between 1950 and 1955. Program 
plans provide for increases approximately 25 percent more for 1956, 
and even further increases for 1957. Investment in reactor plant and 
equipment amounted to $211 million by the end of fiscal year 1955. 
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Of the total reactor development operating costs, civilian reactor 
costs accounted for approximately 5 percent in 1950 and over 30 per- 
cent in 1955. Civilian reactors accounted also for approximately 45 
percent of the total invested in reactor plant and equipment. These 
costs and investments include expenditures made on the Commission’s 
5-year civilian power reactor program; but through the end of fiscal 
year 1955, no costs had been incurred on behalf of the Commission for 
any specific projects in the power demonstration reactor program. 
These latter two programs, aimed at stimulating private development, 
are described more fully later in this section. 

The reactor development programs are carried out primarily at 
AEC-controlled facilities although some offsite university, private 
engineering, and other Government-agency laboratories participate 
through contractual arrangements. 

Contracts with such facilities amounted to approximately 5 per- 
cent of total operating costs for the programs last year. Industrial 
firms participate extensively either as contractors operating AEC 
facilities, as subcontractors or suppliers to the operators of AEC 
facilities, or as participants in the power demonstration reactor 
program. 


DEVELOPMENT AND ADMINISTRATION OF RESEARCH AND DEVELOPMENT 
PROGRAMS 


Responsibilities for developing and administering R. and D. pro- 
grams extend throughout all echelons of the AEC organization. The 
principal units involved in the R. and D. programs affecting peaceful 
uses are: 

1. AEC laboratories. 

2. Other Government and private laboratories. 

3. Three program divisions in Washington (Divisions of Research, 
Biology and Medicine, and Reactor Development). 

4, Office of the General Manager (Assistant General Manager for 
Research and Industrial Development). 

5. The General Advisory Committee. 


(a) AEC laboratories 


The AEC employs contractors to operate its laboratories and con- 
duct research and development work.’ The national laboratories, 
particularly, are significant. Programs there are large, varied, and 
interrelated. Each national laboratory conducts work encompassing 
the programs of the three program divisions in Washington. Oak 
Ridge and Argonne National Laboratories have, in addition, per- | 
formed work on weapons and materials problems. Operating costs 
(by major programs) for the three national laboratories over recent 
years are as follows: 


3? Major laboratories include Argonne National Laboratory, Brookhaven National Labo- 
ratory, Oak Ridge National Laboratory, Los Alamos Scientific Laboratory, California Radia- 


+ boratory, and facilities at Ames, Iowa, University of Rochester, and Schenectady, 
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Operating costs of National Laboratory research and development programs 


{In thousands] 





Fiscal years 


1955 


Oak Ridge National Laboratory: 
Reactor development $18, 510 $23, 765 
Research (physical sciences) , 16 8, 148 8, 286 
Biology and medicine , 2,718 3, 093 
Other (materials and weapons) i, 3, 209 4, 216 
39, 529 


Brookhaven National Laboratory: 
Reactor development : ; 2,75 
Research (physical sciences) , 6 : 6, 240 
Biology and medicine , 3: i 2, 625 

11, 615 

Argonne National Laboratory: 
Reactor development ; L 13, 657 
Research (physical sciences) j 
Biology and medicine 
Other (materials and weapons) - -...............----..---- 








The staffs carrying out these programs at the National Laboratories 
play a key role in the AEC’s research and development activities. In 
addition to conducting the work, they are a potent force in formulat- 
ing and coordinating programs. Key personnel are consulted fre- 
quently by the AEC program divisions in Washington to help evalu- 
ateand shape programs. Members of National Laboratory staffs serve 
as a fountainhead for new ideas that the Commission should explore. 
Since such a large part of the AEC’s research and development is car- 
ried out in National Laboratories, they exert a profound influence 
upon each division’s program. Scientists at this level are in a unique 
position to influence the course of the Commission. Their intimate 
knowledge of the possibilities of their own experiments and research 
coupled with their close contacts with the work of others enables them 
to feed into the programs valuable suggestions on future research and 
development. 


(b) Other Government and private laboratories 


The AEC also contracts with other Government agencies, universi- 
ties, hospitals, and private and industrial laboratories to conduct 
research and development at their own facilities or at those which may 
be partly owned by the AEC. The work done at these offsite facili- 
ties also plays a vital role although it is generally less extensive than 
that done at AEC national or other major laboratories. 

A contract with a university or hospital usually results from a pro- 
posal made by an individual scientist. His proposal indicating the 
scope, purpose, and cost, is reviewed by the appropriate Program Divi- 
sion in Washington, and, if approved, the investigator is generally 
given a lump-sum contract wating a minimum of administrative de- 
tail and supervision from the Commission. In most cases only a part 
of the total cost of the work is requested of the Commission and the 
university or hospital bears a portion of the expense. 

70101—56—vol. 247 
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Contracts with private companies submitting proposals to the Com- 
mission follow the same procedure. However, the details of admin- 
istration and supervision of the contracts are different since the con- 
tractor usually receives full costs and a fee for performing the work.* 
Then, too, the character of the work to be performed by industry tends 
to be in the development stage with a definite end product in mind. 
On the other hand, university and hospital proposals are more apt to 
be for basic research where it is difficult to set up any clear-cut objec- 
tive other than to generally advance the state of the art. 

(c) Program divisions 

The Divisions of Research, Biology and Medicine, and Reactor De- 
velopment are the key units in development and administration of the 
research and development programs affecting peaceful uses. 

The Directors of each of these Divisions have the responsibility for 
developing and supervising their respective programs. This is a 
constant job since the Commission’s research and development is in 
a state of perpetual evolution. Each division is broken down into 
branches whiosi specialize in specific subject fields, such as chemistry, 
metallurgy, etc. The branch chiefs assist the directors in determin- 
ing which projects are to be incorporated into their programs, where 
the project should be performed, and the amount of financial support 
necessary. 

The staff members of these divisions attempt to keep abreast of all 
activities in their field so that they can advise on their segments of the 
programs. They depend heavily on personal contact with the scien- 
tists at AEC and other laboratories and, in addition, on contractors’ 
technical reports, cost reports, and scientific meetings. 

The Program Divisions often seek the opinion of outsiders in 
evaluating the potentialities of proposed projects. In addition to 
some so-called ad hoc committees, there are several advisory com- 
mittees which advise the Commission in project selection.” These 
committees do not make final decisions. Where practicable the staffs 
of the Divisions also cross-check their selections in an attempt to assist 
each other achieve their objectives. 

After the Program Divisions decide on their programs, AEC Op- 
erations Offices are assigned responsibility for executing them. They 
negotiate and administer the contracts for the Commission (including 
those made with universities and hospitals). Each Operations Office 
handles and thus influences the day-to-day matters concerning the 
contracts, referring only special or unusual problems to Washington 
Program Divisions for approval. Each Operations Office has been 
free to work out its own contractual arrangements within broad limi- 
tations laid down by the Commission. As a consequence, there is some 
variance in the contractual terms among the Operations Offices. 
These variances do not appear to affect the conduct of the programs 
adversely. 


% Projects under the power demonstration reactor program are exceptions. In these, 
private industry bears the major share of costs and retains title to the facilities. These 
projects are discussed more fully in a later section. 

%? For example, the Nuclear Cross Sections Advisory Committee, Advisory Committee for 
Biology and Medicine, ete. 
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(d) Office of the General Manager 

The Directors of the three program divisions report to the Assistant 
General Manager for Research and Industrial Development, a rela- 
tively recent appointee in the Office of the General Manager. He is 
responsible for direction and coordination of these three divisions 
and for making certain that their programs are properly meshed and 
balanced. 

The Assistant General Manager for Research and Industrial Devel- 
opment keeps track of ee and the problems that develop, mainly 
through consultations with the program division directors and mem- 
bers of their staffs. He calls on them to furnish staff assistance and 
often uses such staff personnel on “task forces” to study and help 
solve problems. Insofar as time permits, he reviews each division’s 
financial plans, cost reports, major contracts, and some technical 
reports. He may also, when time permits, consult directly with key 
contractor personnel. 


(e) General Advisory Committee 

The General Advisory Committee (GAC), which the President 
appoints, plays an important role in charting the areas of inquiry 
for each Program Division. Through its regular meetings and those 
of its subcommittees,*® the GAC concentrates on major decisions of 
long-range dimensions, although it will also occasionally review the 
characteristics of short-term projects. In addition to reviewing mat- 
ters of a technical and scientific nature, the Committee occasionally 
discusses important policy questions.** The Committee presents its 
conclusions 1n writing to the Commissioners. ‘These conclusions are 


in the nature of advice only—the Committee does not follow up to 
see that their recommendations are carried out. It is strictly an ad- 
visory group and not a watchdog for the Commission’s research and 
development program. 


(f) Problems relating to administration of research and development 
programs 

The administration of these research and development programs 
raises two principal questions that the Commission may want to re- 
view to assure adequate development of peaceful uses. These relate 
to the growth of the National Laboratories and to the present means 
for coordinating work of the three program divisions. 

Over the past 5 years the National Laboratories have increased the 
scope and extent of their activities substantially. Together, the lab- 
oratories at Oak Ridge, Brookhaven, and Argonne are spending (fiscal 
year 1956) about $74 million. In 1950 these same laboratories spent 
about $36 million. The major reason for this expansion centers 
around their development work, especially in the field of reactors. 
Oak Ridge, for example, spent $4,300,000 on reactor development in 
1950 and $23,800,000 in fiscal year 1956. 

The persistent growth of these laboratories and increasing emphasis 
on development raises a basic question as to the long-run role of Gov- 
ernment in atomic research and development. Are these laboratories 
doing work that private firms can and should do, and may not the 


“There are three subcommittees: Research, Reactors, and Materials and Weapons. 
“For example, they are currently studying the future role of the National Laboratories. 
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development work be crowding out the more fundamental research? 
Furthermore, is the increasing emphasis on development work a devia- 
tion from the role originally planned for National Laboratories, i. e., 
to be centers of learning and unique facilities concentrating primarily 
on fundamental] research and secondarily on development? A review 
of the role of the National Laboratories is currently under way by the 
General Advisory Committee. That study will undoubtedly provide 
definitive answers to these questions. These questions should be an- 
swered without delay, else continued growth in Government-financed 
development programs deter private development. 

Another question that the Commission may want to review is the 
seeming lack of a systematic means for assuring effective review and 
avaluation of the work of the three program divisions. Because of the 
continually evolving nature of the programs and their importance to 
the future of the atomic energy industry, the Commission must be 
sure that adequate day-to-day as well as long-range review and guid- 
ance is provided. Long-range review and guidance i is, in part, pro- 
vided by the GAC and other advisor y groups, as well as members of the 
Commission. Shorter range guidance and review is more a func- 
tion of the Assistant General Manager for Research and Industria] 
Development and the program divisions, who rely heavily on informal 
techniques of communication. More formal control and coordination 
providing the chance to review progress of the total and check the 
overall balance is limited primarily to the annual budget and mid- 
year financial reviews. The Commission may want to consider whether 
this relatively limited formal review, plus the more extensive in- 
formal means of evaluating and balancing programs, is entirely ade- 
quate. 

Meshing and balancing the overall prograins will become increas- 
ingly important should the Congress become less generous in appro- 
priations for research and development; and the Commission, of ne- 
cessity, will have to be absolutely sure they have come up with the 
best total program. This may require more frequent and comprehen- 
sive periodic reviews by the Assistant General Manager for Research 
and Industrial Development in which he seeks methodically to ap- 
praise progress and cost in relation to sharply drawn objectives and 
to eliminate all unessential research activities. For this task he may 
need additional staff assistants who would limit their activities to 
making analyses and refrain from interfering with the direct rela- 
tionship that exists between him and the directors of the program 
divisions. 


AEC PROGRAMS TO STIMULATE PRIVATE RESEARCH AND DEVELOPMENT 


A second part of the AEC’s job in advancing technology, under the 
act of 1954, is to assist and fate private research and development 
The AEC is using its own research and development programs and f: 
cilties to prov ide some of this stimulation. Its principal program to 
meet this objective is the civilian power reactor development program. 
In addition, the AEC has developed a program to permit a limited 
amount of private use of its fac ilities. 
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(a) Civiiian power reactor development program 

This program combines: (1) A 5-year program to develop reactor 
technology in 5 basic reactor concepts; (2) the power demonstration 
reactor program to provide full-scale power reactors that are essen- 
tially privately financed ; and (3) the exploration of new and advanced 
reactor concepts. 

The 5-year program.—This part of the program will produce ex- 
perimental power reactors using 5 basic concepts. Four of these, the 
boiling water, the homogeneous, the fast breeder, and the sodium 
graphite, are relatively small experimental reactors. The fifth, the 
pressurized water, will be part of a full-scale central-station power- 
plant. The AEC will finance the entire cost of 3 of these and private 
firms will bear part of the cost of the other 2. Knowledge gained from 
construction and operation of all five will be made available to in- 
dustry and thus, it 1s hoped, advance power reactor technology mate- 
rially. 

Each project was initiated within the AEC’s research and develop- 
ment program. Contractors operating AEC research and develop- 
ment facilities became the principal proponents for each of the con- 
cepts. Scientists and engineers at the Argonne National Labora- 
tory, for example, had long been interested in the boiling-water and 
fast-breeder concepts, hence they were selected to develop the experi- 
mental power reactors using the same concepts. 

The Division of Reactor Development is responsible for each proj- 
ect in this 5-year program. Within the Division, the Naval Reactors 
Branch is responsible for the pressurized water reactor and the Civil- 
ian Reactors Branch for all others. 

Generally speaking, after early research work indicates promise 
on a given concept, the Division contracts for a feasiblity study. 
If the results of this study are favorable, the Division contracts for 
further research and development aimed at providing preliminary 
design principles. 

Near the end of this phase of a project, the AEC, with advice of 
the contractor, determines whether or not to recommend continuance 
of the work and construction of an experimental reactor. If the deci- 
sion is to recommend further development, the Division of Reactor 
Development initiates a staff paper for the Commissioners. 

If the Commissioners approve it, a project engineer is selected from 
the Civilian Reactors Branch staff. He is responsible for preparing 
a more detailed statement of the aa of work and assembling pro- 
posals. Heretofore, proposals have been solicited only from the con- 
tractors who performed the preliminary work since they were con- 
sidered most competent technically. Where preliminary work was 
done at a National Laboratory, the proposals were handled as part of 
the Laboratory’s annual program submission. On future projects, 
however, the Division plans to seek proposals from several potential 
sources. 

Proposals are submitted to the Commissioners for approval. If, in 
the future, several proposals are submitted on a given project, the 
Contract Selection Board will act on them and offer its recommenda- 
tion. When the Commissioners approve, the project engineer, the 
contractor, and the Operations Manager finalize the contractual 
arrangements. 
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Experience to date, which is limited, indicates that these processes 
are time-consuming. The project to construct the sodium graphite 
experimental reactor, for example, was first submitted in February 
1953. It was approved in January 1954, and the contract was signed 
in July 1954. It should be recognized that this was one of the first 
projects of its kind, hence it could be expected that considerable time 
would be consumed in settling points that might become precedents 
for future projects. Principal delays were occasioned between Feb- 
ruary and September 1953 in determining the proper size and scope 
of the project and in making certain that the reactor would be an 
experimental one and not just a “pilot” for a large central station 
powerplant. These determinations required coordination with agen- 
cies outside the AEC, namely, the Bureau of the Budget and the 
National Security Council. 

Primary responsibilities on all 5 projects in this 5-year program 
have now been fixed on contractors.“ Work is proceeding on schedule. 

Power demonstration reactor program.—This part of the civilian 
power reactor development program is aimed at providing full-scale 
power reactors in which industry will bear a major share of the cost. 
The AEC hopes that such projects will help to advance technology 
rapidly toward the goal of achieving economic atomic power by broad- 
ening the base of participation and bringing normal industrial cost- 
cutting incentives to bear on the problems. 

Two rounds of the program have been announced to date; the first 
in January 1955, and the second, September 21, 1955, with a closing 
date of February 1, 1956. Both these rounds sought proposals for 
powerplants. 

In the first round, the AEC received 4 proposals encompassing 4 
of the basic concepts being pursued in the 5-year program described 
in the preceding section. Construction of a full-scale reactor em- 
ploying the fifth concept is under consideration by industry, but no 
Se or license application has been received to date. In addition 
to the proposals received in response to the first announcement, one 
application for a license calling for‘ no AEC contributions has been 
received. One proposal called for so little AEC participation that it 
was subsequently converted to a straight license application. 

Of the 3 proposals considered, 2 have been approved by the Com- 
missioners as a basis for negotiating a contract.“ The contracts are 
now being negotiated by the Chicago Operations Office. The other 
two proposals received by April 1, 1955, were rejected, but the pro- 
posers were invited to revise and resubmit them.“ 

One additional proposal was received subsequent to the closing 
date of April 1, 1955. This was reviewed, found wanting, and the 
maker has been invited to resubmit it under.the second round of the 
program recently announced (September 21, 1955). 

To select from among proposals and determine how much research 
and development the AEC will perform or pay for, the Reactor Devel- 


42(1) Experimental boiling-water reactor (EBWR II), Argonne National Laboratory; 
(2) Fast-breeder reactor (EBR II), Argonne National Laboratory ; (3) Homogeneous reac- 
tor (HRE No. 2), Oak Ridge National Laboratory; (4) Pressurized-water reactor (PWR), 
Westinghouse Electric Corp. ; (5) Sodium-graphite reactor, North American Aviation, Inc. 

43 Detroit Edison Co.. (and associated companies) and Consumers Public Power District 
of Columbus, Nebr. 

“ Yankee Atomic Electric Co. 

* Rural Cooperative Power Association, Elk River, Minn. 
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opment Division established a selection board and a technical advisory 
group to aid the board. Both the selection board and the technical 
advisory group met promptly after apes were received April 
1.1955. They held a series of meetings which were designed to evalu- 
ate each proposal in the light of five criteria: (1) The relative con- 
tribution the proposed reactor would make toward achieving economi- 
cally competitive power; (2) The cost to the AEC and impact on its 
laboratories and plants; (3) Competence and responsibility of the 
organization making the proposal; (4) The amount of risk the maker 
was willing to assume; and (5) Assurance against abandonment. 

The board made its recommendations to the Director of the Divi- 
sion of Reactor Development. He, in turn, presented them in a staff 
paper to the Commissioners, who announced their decisions August 
8, 1955, approximately 4 months after the proposals were received. 

This method of handling these proposals worked well for the AEC 
despite the normal cumbersomeness that might be expected of com- 
mittee and board activity. Considering the newness of the program 
and the precedent-setting nature of each decision and recommenda- 
tion, they acted with reasonable speed. 

No plans have been announced for handling proposals that will 
be received in the second round. Presumably, however, similar tech- 
niques will be used. They appear reasonable for the task at hand, 
although they will almost certainly prove too costly and time-consum- 
ing for later proposals, particularly if the program is extensive and 
is continued for many years. The staff might well apply time and 
effort to establishing precise criteria against which individual appli- 
cations can be judged expeditiously rather than rely on the more time- 
consuming and less predictable Elbeestions of an advisory group 
or board. 

Exploration of advanced concepts.——Advanced concept investiga- 
tions are being pursued as a part of the AEC’s overall reactor research 
and development program with no particular end items immediately 
in sight. They are handled primarily at National Laboratories like 
any other research and development project as described in preced- 
ing sections. ' 

Currently, experiments are in various stages of early planning and 
execution at several AEC facilities. Feasibility studies have recently 
been completed on organic-moderated and liquid-metal fuel reactors. 
Plans are being drawn to fit further work on these and on other con- 
cepts into the AEC’s research and development program. Presum- 
ably, they will follow a course of development similar to that of earlier 
concepts, that is, will proceed through feasibility studies to construc- 
tion of an experimental power reactor and finally to construction 
of a full-scale reactor by a licensee or with only limited AEC par- 
ticipation. 


(5) Programs for private use of research and development facilities 

Prior to act of 1954.—The AEC has made arrangements in the past 
for some private use of its research and development facilities. Na- 
tional Laboratories have had and continue to have cooperative projects 
with their participating institutions, other universities, and industrial 
laboratories. The AEC does not charge for this type of work. It 
does, however, require that (1) the work undertaken has to be related 
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and of potential value to AEC programs, (2) the AEC receive knowl- 
edge of all results, and (3) the proposed work does not interfere with 
the AEC’s program. For example, the Argonne National Laboratory 
and American Cyanamid Co. recently conducted a cooperative project 
in which tracer materials were used to help develop a blood plasma 
substitute. Work was done at both private and Government facili- 
ties. The results were made public. 

In addition to these cooperative projects, the AEC has furnished 
certain services and charged for them.*® For example, the Argonne 
National Laboratory recently built and is operating a facility to 
irradiate and sterilize food. The Army Quartermaster Corps and 
private food processors are utilizing the facility and paying for the 
service under a price schedule established by the laboratory and ap- 
proved by the AEC. 

Subsequent to act of 1954.—The cooperative, participating projects 
described above are being continued where the AKC has an interest 
in the eee In addition, section 33 of the new act permits the AEC 
to perform research and development for others where private facil- 
ities are inadequate. The act also permits charges to be made for 
such work. This provision is significant because the expense of much 
of the key equipment, such as cyclotrons and reactors is extremely 
high. Also, the obsolescence factor is high enough to discourage 
many universities and businesses from buying their own equipment. 
Congress undoubtedly believed that this provision of the act would 
help broaden participation in the program and stimulate private 
research and development. 

To date, little has been accomplished under this provision. Oak 
Ridge National Laboratory, for example, is now dealing with its first 
request from an outside company for the use of its facilities and 
equipment for their own private research and development program. 

Current administrative procedures for obtaining permission to use 
AEC facilities are complex. Before an applicant can receive per- 
mission, his request must be reviewed by the AEC Operations Office 
concerned, the contractor currently using the equipment on Com- 
mission work, and finally by the Commissioners themselves. This 
undoubtedly will be time-consuming and may discourage some from 
entering the field. 

Patent provisions being applied in these cases may also dampen en- 
thusiasm for private use of AEC facilities. At the present time, a 
private company or individual endeavoring to use AEC facilities (in 
accordance with sec. 33 of the 1954 act) may be barred from patenting 
things he invents as a result of this work. He can receive only a 
nonexclusive, royalty-free license. This limitation applies despite the 
fact. that the private party may have conceived of the idea and paid 
for its full costs. The same patent provision applies to those work- 
ing with the AEC under a study agreement or a cooperative project 
where the private firm does not necessarily conceive the idea nor 
necessarily pay the full costs. 

The cumbersomeness of these procedures and the patent clauses 
being applied will restrict private use of AEC facilities and make 
this program a limited one. The program as it is now constituted 
may deter private individuals and firms from seeking use of AEC 


“ See sec. 3 for discussion of AEC’s program for furnishing materials and services. 
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facilities for their own purposes. In time, the program will prob- 
ably force private construction of comparable research and develop- 
ment facilities, but there is a question as to how many private enter- 
prises can afford such facilities at this time. The limited results that 
can be expected from this program raise a question as to whether or 
not it carries out the spirit and intent of section 33 of the act of 1954. 

On the other hand, there are good arguments for keeping the pro- 
gram restrictive in nature. Adoption of a positive liberal program 
for private use of facilities might create a big demand that could upset 
going programs and that could not be met satisfactorily without 
building additional facilities or establishing an allocation system. A 
liberal program might also have undesirable effects. Permitting 
private enterprises to use Government facilities too extensively could 
cause deferral of investment in facilities by these private enterprises. 

Current demand from private enterprises to use AEC facilities is 
not extensive because of the newness of the program and relatively 
little publicity that has been given it. However, the demand may 
be expected to increase as more private firms contemplate entering 
into atomic-energy programs. This expectation suggests that the 
Commission might well review its policy and procedural arrange- 
ments to make certain the program fully meets the intent of section 33 
of the act. The Commission, at the same time, may want to review 
its criteria for permitting free use of its facilities in cooperative 
projects. It will wit to make certain that, in requiring some to pay 


but permitting others to participate without charge, it has made its 
criteria clear so that the programs can be administered fairly for all. 


SUMMARY OF REMAINING PROBLEMS 


The foregoing review poses four questions as to administration of 
the research and development programs and as to whether the AEC 
is fully meeting its obligation to encourage private enterprise in 
activities for advancing technology. In summary, these are: 

1. The persistent growth of the National Laboratories and the in- 
creasing emphasis on development work raises the question : Are these 
laboratories, with their large investments in facilities, permanently 
bringing under public control the major share of all research and 
development designed to advance the technology of atomic energy 
and at the same time crowding out their more fundamental research 
work? Continued emphasis on development under Government aegis 
may defer or discourage the extensive and rapid private development 
Congress apparently foresaw and hoped for when it wrote the act. 

2. The relatively high degree of dependence on informal means for 
reviewing and coordinating programs raises the question: Does the 
Commission have assurance that research and development programs 
are properly balanced and meshed and that the programs are being 
persistently reviewed to eliminate promptly the unessential and un- 
promising? If Congress should become less generous in appropriat- 
ing funds for research and development, the Commission may need 
greater assurance that the programs are being persistently and 
methodically scrutinized. This may require more frequent oak more 
comprehensive reviews at the General Manager level in which costs 
and progress in relation to objectives are systematically appraised. 
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3. Present methods for reviewing reactor development project 
proposals are time-consuming and costly. This raises a question of 
whether they may not be discouraging expansion of the base of private 
participation in the program. Development of more precise criteria 
and standards for accepting or rejecting proposals may encourage 
greater industrial ee by enabling the individual or firm 
to judge more easily whether it wants to submit a proposal. More 
expeditious handling of proposals received would also result. 

4. Multiple approvals required of applications for private use of 
AEC research and development facilities undoubtedly will take time 
and discourage use. Patent provisions applied to private users of 
research and development facilities also discourage use. The limited 
use of facilities that may be expected to result from adoption of these 
policies and procedures raises a question as to whether the AEC has 
made adequate provisions for carrying out the spirit of the act and 
thus the intent of the Congress. Coupled with this, the AEC con- 
tinues other cooperative and service programs which permit some 
outsiders to use or participate in work at AEC facilities at no cost to 
them. This raises the question of whether, in requiring some to pay 
but permitting others to participate at no cost, the AEC has made 
adequate provisions to treat all private parties equitably. 


5. LiceENSING AND INSPECTION 


The AEC is responsible, under the Atomic Energy Act of 1954, for 
encouraging “widespread participation in the development and utili- 
zation of atomic energy” insofar as such use of atomic facilities and 
materials by private firms and individuals does not endanger the 
“public health and safety,” or endanger “common defense and 
scarcity.” 

To discharge this responsibility the AEC issues licenses to regulate 
the activities of private individuals and firms in the following areas: 

1. Receipt, transfer, import, or export of source material. 
2. Radioisotope distribution. 

8. Special nuclear material. 

4. Production and utilization facilities, 

5. Operation of reactors (operators licenses). 

In subsequent paragraphs, we describe (a) how the AEC has de- 
veloped regulations governing the issuance of such licenses, (6) how 
applications have been handled while regulations are being developed, 
(c) what problems have been revealed by experience to date, and (d) 
what plans have been developed for the enforcement of regulations 
by the inspection of the licensee’s activities. 


DEVELOPMENT OF LICENSE REGULATIONS 


How has the AEC gone about developing pe en regulations? 


“Developing and providing for the issuance of regulations and other 
instructions affecting licenses” “’ is the responsibility of the Division 
of Civilian Application. This Division depends, to a great extent, 
on the advce of other headquarters divisions in the formulation of the 
licensing regulations. Once a draft has been developed which is ac- 


‘7 See AEC Manual section 0103-08, Functions and Delegations, Division of Civilian 
Application, dated July 1, 1955. 
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ceptable to all the major headquarters divisions involved, an industry 
advisory committee 1s asked for its comments. Following revision 
in light of these comments the drafts are recirculated to these divi- 
sions. After concurrences have been obtained or additional revisions 
made, the drafts are published in the Federal Register. 

This first publication, in accordance with the Administrative Pro- 
cedure Act, gives the public general notice that regulations will be 
issued, and allows 30 days for submission of comments and suggestions. 
After expiration of the 30-day waiting period, the staff of the Divi- 
sion of Civilian Application, in conjunction with staff members of 
other interested ieacenentens divisions, reviews these comments and 
makes appropriate revisions. Final publication is then made in the 
Federal Register. amis ! 

Analysis of this process reveals three significant points: 

1. Adequate opportunity is provided private interests for comment 
on the proposed regulations. 

2. The AEC staff makes a conscientious effort to take into consid- 
eration the comments, suggestions, and criticisms received from in- 
dustry advisory committees and from the general public. 

3. The process is slow. However, all the steps are necessary in de- 
veloping regulations in a field where no empirical benchmarks exist 
against which to develop and test various licensing regulations. Our 
observations indicate that the process, though by its nature a slow 
one, can be speeded - considerably, particularly by reducing time 
spent by individual headquarters divisions in reviewing various 
drafts. 

The status of basic license regulations, which now constitute AEC’s 
concept of what areas of materials and facilities require the develop- 
ment of licensing regulations, is shown in exhibit I at the end of this 
section. It will be noted from this exhibit that as of September 23, 
1955, none of the basic license regulations had been finally issued in the 
Federal Register. This does not mean that the AEC has not been 
accepting applications and granting licenses for use of source, special 
nuclear, and byproduct material and for production and utilization 
facilities. The applications have been considered as individual cases, 
which the law allows the Commission todo. The appropriate sections 
of the draft regulations have been tested against the various requests 
for licenses and, where appropriate, included as provisions of the 
licenses. 

HANDLING APPLICATIONS FOR LICENSES 


AEC experience in regulating source material and radioisotope 
distribution has been extensive, while, to date, experience in the regu- 
lation of special nuclear material and in production and utilization 
facilities has been very limited. 

(a) Applications for source material licenses 


There has been little change in AEC’s responsibilities for the con- 
trol of source materials and radioisotopes under the Atomic Energy 
Act of 1954. The act of 1946 provided authority in both these areas 
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for broad private participation under AEC control. With passage 
of the 1954 act, the regulations which had been in force under the 
1946 act were reaffirmed. 

Increased availability of supplies has made it possible for the AEC 
to take several actions to relax the licensing process pertaining to 
source materials. The most important of these are: 1 

1. Broadening the previous general licensing provisions pertaining 
to users of small quantities of uranium to include additional classes 
of users. This action reduced by approximately two-thirds the num- 
ber of consumer licenses being issued. 

2. Stopping monthly allocations of uranium to distributors who 
were reselling to conventional users. Allocations are now ona yearly 
basis. Reporting requirements have also been reduced by less requests 
fer reports. 

3. Stopping the submission of monthly consumption reports from 
consumers of small amounts of uranium, such as manufacturers of 
electrical units. 

In the present revision of the regulations on control of source ma- 
terial, AEC is considering additional steps to relax licensing pro- 
visions, such as greater use of the general licensing technique for vari- 
ous categories of producers and consumers. 

The administrative aspects of issuing the various types of licenses 
involved in the control of source materials have been standardized 
over a period of time. The applicant, with some exceptions, receives 
same-day service. Very seldom is it necessary for the staff of the 
Division of Civilian Application to request the applicant to file addi- 
tional justification. 

The number of source material licenses issued in 1954, by type, is as 
follows: 

Exports____-_~- 

Consumers 

Processors i 

I cick npills isin mii ai sonra es waiieans eplieiseniaaa ainacoae eeaa 
geo spdrmpsiaeaginnre oss cena oenel 


(6) Radioisotope distribution 

No specific examination of the administration of the radioisotope 
regulations was made during this survey. The regulations, issued 
under the Atomic Energy Act of 1946, are presently administered by 
the Division of Isotopes, Oak Ridge.** Steps are being taken to trans- 
fer responsibility for the licensing aspects of radioisotope distribution 
to the Division of Civilian Application, and for transfer of the com- 
pliance aspects to the Division of Inspection. This would complete 
the process of placing in one organizational unit, the Division of Civil- 
ian Application, all AEC licensing activities. 
(ec) Special nuclear material 

The Division of Civilian Application had received 10 applications 
for special nuclear material licenses as of September 16, 1955. Three 


48 This Division reports to the Assistant Manager for Cpreniione, Oak Ridge Operations 


Office. Plans and programs for this Division are developed by the Director of the esearch 


Division. 
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of these were from the military services and seven from private com- 
panies or institutions. Eight of the ten requested licenses had been 
issued. All of the applications were for limited quantities of special 
nuclear materials. 

This limited experience —— up two problems in issuing licenses 
for special nuclear materia 

1. Should one license cover all requests from a Government depart- 
ment or agency, such as those received from the Navy Department ‘ 

2. Should steps be taken to delegate to the Division of Civilian Ap- 
plication authority to divert limited small quantities of special nuclear 
materials? The present procedures for authorizing use of small 
quantities of special nuclear material are cumbersome and time-con- 
suming. 

The list of applicants for special nuclear material, the purpose for 
which the material was requested, the amount, and the status of ap 
plication is shown in exhibit IT at the end of this section. 


(d) Production and utilization facilities 

Twelve applications for construction of production and utilization 
facilities had been received by the AEC as of September 16, 1955. 
These applications involved 7 research reactors, 3 fuel fabrication fa- 
cilities, and 2 power reactors. One license, for the Pennsylvania State 
University research reactor, had been issued. Four applicants for re- 
search reactor licenses have been granted construction permits. Ap- 
plications for 3 reactors, the 2 power-reactor cases, and 1 medical re- 
search reactor, were being held up pending submission of hazards 
summary data. The name of the applicant, type of facility, date ap- 
plication was received, and status as of September 16, 1955 is set forth 
in exhibit ITT. 

In the main, two factors account for the slow processing of license 
applications for research and power reactors. 

1. Development and presentation to the AEC of acceptable hazards 
data.” 

2. The lack of standard procedures for handling applications. 
Only the rudimentary beginnings of application forms, instructions 
to applicants on how to fill out forms, and processing applications 
once received in the AEC, are presently available. 

_The influence of these factors on processing requests for reactor 
licenses is supported by an analysis of the steps involved in processing 
the two power reactor applications. A chronological record of the 
handling of the Commonwealth Edison Co. and Consolidated Edison 
Co. applications is recorded in exhibits IV and V. 

_The problem of which type of license to issue, “commercial” or 
“noncommercial,” has arisen in the case of fuel fabrication facilities.™ 


’ This problem is discussed in sec. 3 of this report. 

The Atomic Energy Act of 1954 makes a legal distinction between commercial produc- 
tion and utilization facilities and all others. Commercial facilities, by definition, are those 
which have been sufficiently developed to be of “practical value” for industrial or com- 
mercial purposes. Commercial facilities are governed by sec. 103 of the act. All other 
types of production and utilization facilities are licensed under sec. 104 of the act. 
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The Cook Electric Co. applied for a license to fabricate fuel elements 
under section 103 of the Atomic Energy Act of 1954. This raised two 
problems for the AEC: 

1. Application of the “practical value” concept of section 103. 

2. Application of the antitrust provisions of the 1954 act. For 
section 103 licenses, the law requires that the Justice Department be 
allowed 90 days to review the antitrust aspects involved in issuing the 
license. 

The AEC has interpreted the “practical value” clause of the 1954 
act in terms of power reactors and the production of electricity on 
a competitive basis with conventional powerplants. No interpreta- 
tion of the “practical value” clause has been made for other types of 
production and utilization facilities. 

The Cook Electric Co. case does not resolve the issues, since, in 
order to speed up the processing of this particular case, the applicant 
amended his application for consideration under section 104 of the act. 

This case points up two problems which the AEC must resolve: 

1. A clearer definition and development of criteria for application 
of the “practical value” concept. 

2. Whether licenses are actually required for fuel fabrication 
facilities. 

(e) Operators licenses 

Only two applications for reactor operators licenses have been 
received by the AEC. These have been granted to operators of the 
Pennsylvania State University research reactor. 

Operators licenses are granted only to operate a specific reactor 
since no two reactor have the same operating characteristics. 

The AEC is now developing written and oral tests which will be 
given to applicants for reactor operators licenses. Tests were waived 
in the case of the two licenses already granted on the basis of the appli- 
cant’s experience. 

INSPECTION OF LICENSEES 


The Atomic Energy Act of 1954 requires establishment of an Inspec- 
tion Division which “shall be responsible for gathering information 
to show whether or not the contractors, licensees, and officers and em- 
ployees of the Commission are complying with the provisions of the 
act ™ and the appropriate rules and regulations of the Commission.” 

The Division of Inspection was established in September 1954. 
During the fall of 1954, the Division of Organization and Personnel 
made an organization and management study of AEC inspection 
activities. ‘Two major alternatives were considered for handling in- 
spection of licensees’ activities. 

1. Centralizing authority and responsibility for inspection activi- 
ties in the Division of Inspection; or 


61 Except those provisions of the act for which the Federal Bureau of Investigation is 
responsible. 
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9. Allowing the various program divisions, such as reactor develop- 
ment and biology and medicine, to inspect a licensee’s activities in their 
respective areas of responsibility. 

The staff study recommended centralizing inspection activities in 
the Division of Inspection. The recommendation was accepted. This 
organizational solution offers the greatest opportunity to meet the 
inspection requirements of the Atomic Energy Act of 1954 with the 
least burden on licensees. It provides one point in the AEC where 
all compliance matters related to a licensee’s activities can be handled. 

The proposed inspection plans of a licensee’s activities call for stick- 
ing closely to the regulatory criteria of the Atomic Energy Act of 
1954—public safety, safeguarding AEC-owned special nuclear and 
source materials, and security of restricted data. The inspection of 
licensees who propose to build and operate production and utilization 
facilities will not duplicate conventional inspections conducted by 
other public and private agencies, such as in building and electrical 
inspections. 

It is too early to determine whether inspection activities and related 
reporting requirements will place an undue burden on a licensee. If 
the present plans and philosophy of inspection and compliance are 
actually put into practice, the administrative burden should be kept 
toa minimum consistent with the health, safety, and security criteria 
of the Atomic Energy Act of 1954. 


REMAINING PROBLEMS 


Further development of the licensing and inspection aspects of a 
private atomic industry will continue to be confronted with two 
major problems: 

1. The need to take into account many and varying points of view 
in the development of licensing regulations—the scientist, the safety 
engineer (Federal, State, and local), the military man, the security 
oficer, and the private businessman, to name only a few. 

2. The need to process applications for various types of licensees 
expeditiously and with a minimum burden on the applicant, while 
still giving careful thought to the precedent-setting nature of the ap- 
plications processed in the early phases of the program. 

These two problems stem from the very nature of the job that 
AEC has been given under the Atomic Energy Act of 1954. AEC 
must consider health, safety, and security while, at the same time, 
encouraging widespread development of a private atomic-energy in- 
dustry. The development of a regulatory system that will achieve 
these often conflicting obectives has to be accomplished without the 
advantage of being able to look to other Federal regulatory experience 
for “benchmarks”. 


Government regulatory programs have historically started from a base of known pri- 
vate business practices which the public, through their legislatures, have deemed required 
some kind of control. Atomic energy starts with an industry which is a Government 
monopoly and which has national security and safety considerations beyond anything ever 
before encountered. Regulations and procedures must be developed to control, in terms 
of the very broad objectives of the Atomic Energy Act of 1954, practices of a practically 
nonexistent private industry. 
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To look at the problems the Government must face in establishing 
a system to regulate atomic-energy industry is not enough. The regu. 
latory system must also be looked at from the point of view of the 
private group or individual who is trying to get into the business, 
In looking at what AEC has done from this point of view, what 
problems exist ? 


Private groups or individuals still have very little knowledge on 
how to go about obtaining most of the various types of licenses re- 
quired by the AEC, the conditions that must be met, and of most 
importance, why these conditions must be met before the license can 
be granted. Up until 3 months ago there was no one organizational 
focus in the AEC where an individual could find answers to these 
questions. The establishment of the Division of Civilian Applica- 
tionhas changed this situation. 

In addition to expending considerably more effort in making the 
potential participant more knowledgeable about the regulatory aspects 
of the peaceful uses of atomic energy, the AEC must move ahead and 
develop the administrative aspects of the regulatory system—the 
forms, the instructions, the processing procedures, and the records- 
keeping practices. 

ExdHrsir I 


STATUS OF BAsiIc LICENSE REGULATIONS 


(As of September 23, 1955) 


Part 25. Access to Restricted Data: 
Draft published in Federal Register May 24, 1955. 
Revision of draft nearing completion. 
Part 95. Safeguarding of Restricted Data: 
Draft published April 15, 1955. 
Revision of draft nearing completion. 

Part 70. Licensing of Special Nuclear Material: 

Draft published April 15, 1955. 
Revision under way. 

Part 50. Licensing of Production and Utilization Facilities: 
Regulation issued under 1946 act; was continued under 1954 act. 
A draft revision was published April 15, 1955. 

Present regulation was modified on September 26 to eliminate component 
parts. 
Further revision under way. 
Part 5. Operators’ Licenses: 
Draft published June 30, 1955. 
Additional persons have been asked to comment. 

Part 20. Standards for Protection Against Radiation: 
Draft published July 15, 1955. 

Comments are still being received. 
Part 2. Rules of Practice: 

Draft published August 10, 1955. 

Comments are still being received. 

Part 40. Contro) of Source Materia): 

Regulation issued under 1946 act was continued under 1954 act. 
Revision of the regulation is in the early drafting stage. 

Part 3D). Radioisotope Aistribution (byproduct materials) : 
Regulation issued under 1946 act was continued under 1954 act. : 
Revision of the isotope regulation is in the drafting stage and will be en- 

larged in scope to coincide with the purposes of the 1954 act. 
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Exursit IV 


CHRONOLOGICAL RECORD OF RECEIPT AND ACTION TAKEN ON LICENSE APPLICATION 
SUBMITTED BY COMMONWEALTH EpIson Co. (AS OF SEPTEMBER 22, 1955) 


March 31, 1955: Company submitted proposal to the general manager under 
power demonstration reactor program to construct 180,000 kilowatt (electric) 
dual-cycle boiling water reactor and requested necessary license or licenses. 

April 12, 1955: Letter from T. G. LeClair, chairman, operating committee, 
Nuclear Power Group, stating that they were now interested in making a license 
application and would like necessary forms. 

April 21, 1955: Reply to LeClair’s letter of April 12, 1955, sending copies of 
pertinent proposed regulations and telling him to submit application in letter 
form. 

April 22, 1955: Letter from LeClair forwarding copies of report NPG-111, 
a design study on nuclear powerplant, and requesting a place on the agenda 
for the June meeting of the Advisory Committee on Reactor Safeguards. 

June 16, 1955: H. L. Price, director, Division of Civilian Application, AEC, 
wrote Commonwealth Edison confirming discussion with Mr. LeClair that appli- 
cation for license should be submitted in accordance with proposed regulations 
issued April 12, 1955. 

June 23, 1955: Date of letter reply from Mr. Willis Gale, chairman of the 
board, Commonwealth Edison Co., recording activities and information fur- 
nished to date under the demonstration reactor program and in connection with 
the company’s license application. 

June 23, 1955: Date of letter from General Electric forwarding report 
X-GEAP-045 for Advisory Committee on Reactor Safeguards. 

June 24, 1955: Date of supplementary information furnished by company 
in connection with its application for a facility license and source and special 
nuclear material licenses. 

June 28, 1955: Acknowledgement by H. L. Price of receipt of application. 

June 30, 1955: Hearing before ACRS on site location and preliminary hazards 
evaluation. Applicant’s representatives informed committee that final hazards 
summary report would not be submitted for approximately another year. 

July 29, 1955: Date of letter from chairman, ACRS, to AEC General Manager 
advising of committee recommendations resulting from ACRS hearing of June 30, 
1955. 

August 2, 1955, Manager, COO, called Mr. LeClair to advise of Commission 
action on demonstration power reactor program proposal and that case would 
now be handled as straight license application. 

August 8, 1955: Manager, COO, wrote Mr. Willis Gale confirming above. 

August 8, 1955: Press release by AEC on power demonstration reactor pro- 
posals. 


August 9, 1955: Willis Gale acknowledged manager, COO, letter. 


ExHIBIT V 


CHRONOLOGICAL RECORD OF RECEIPT AND ACTION TAKEN ON LICENSE APPLICATION 
SUBMITTED BY CONSOLIDATED EDISON COMPANY OF New YorkK, INC. (AS OF 
SEPTEMBER 22, 1955) 


March 22, 1955: Application for license received by H. L. Price, Director, Divi- 
Sion of Licensing, AEC. (Delivered in person by applicant’s attorney.) 

April 4, 1955: Letter from General Manager, AEC, to applicant formally 
acknowledging receipt of application. 

April 4, 1955: Letter from General Manager, AEC, to Corbin Allardice, exec- 
utive director, JCAE, to inform the JCAE of the receipt by AEC of the appli- 
cation for license. 

April 8, 1955: Letter from General Manager, AEC, to J. F. Fairman, vice 
president, Consolidated Edison Company of New York, Inc., advising him (1) 
of action being taken by AEC to determine the possible hazards of the reactor 
to health and safety of the public; (2) that preliminary review indicates need 
for additional hazards data from applicant; and (3) that on or about April 15 
AEC will communicate with him to arrange date for technical discussions of 
the hazards problem. 
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April 11, 1955: Mr. Fairman acknowledged General Manager’s letter of April 
8 and advises Consolidated Bdison will undertake to furnish any additiona) 
information required. 

April 21, 1955: Letter from H. L. Price to J. F. Fairman advising that the 
technical staff studying the technical details of the license application has 
completed all the work it can do with the information supplied with the 
application; that it is necessary that applicant furnish conclusions reached 
regarding hazards plus backup data which provided basis for the conclusions; 
and suggesting a conference between representatives of AEC and Consolidated 
Edison to discuss technical aspects of design. Requested views regarding time 
and place of meeting. 

April 29, 1955: Letter dated April 27 received from J. F. Fairman confirming 
arrangements for meeting on May 2, 1955, at New York offices of Consolidated 
Edison Co. to discuss technical aspects of design. 

May 2, 1955: Meeting held in New York City between representatives of AEC 
and applicant at which time there was agreement among the technical people 
present that there had not been assembled sufficient information on which to 
base an evaluation of the actual or potential hazard of operating a reactor of 
the type contemplated by applicant at the site selected. 

May 16, 1955: Letter from H. L. Price to applicant confirming understanding 
reached at May 2 meeting; advising that issuance of a construction permit 
should be delayed at least until the hazard evaluation has progressed to a point 
where the basic uncertainties have disappeared and the terms of a permit could 
be more definitive ; and establishing a direct channel for communications between 
applicant and Kenneth R. Osborn, Chairman of ACRS subcommittee. 

May 18, 1955: Letter from R. F. Brower, assistant vice president of Consoli- 
dated Edison, acknowledging Mr. Price’s letter of May 16, and stating: 

“We fully agree that in the absence of certain technical information, which 
must be available before an evaluation of potential hazards can be made, a con- 
struction permit issued in the immediate future would have little value to us. 
Assuming that the technical details of the proposed reactor can be resolved in 
a few months, we believe the agreement to defer issuance of the permit until 
its terms may be more definitive is a logical one.” 

June 17, 1955: Letter from H. L. Price to applicant requesting additional data 
to complete the basic application. 

June 29, 1955: Letter from applicant acknowledging Mr. Price’s letter of June 
17, furnishing a part of the requested information and stating the remainder will 
be supplied later. 

July 22, 1955: Letter from H. L. Price to applicant in regard to applicant's 
request to ACRS subcommittee chairman for an informal meeting with sub- 
committee within next month. Requested applicant send to Division of Civilian 
Application a résumé of the material applicant desires to discuss with the sub- 
committee. Arrangements then will be made by Price for a proper review of the 
material in the most expeditious manner. 

August 1, 1955: Letter from applicant’s attorneys transmitting to AEC the 
balance of the basic application data requested in H. L. Price’s letter of June 17. 

August 1, 1955: Letter from applicant responding to H. L. Price’s letter of 
July 22 and stating: 

“At our meeting with the safeguards subcommittee on May 2, 1955, certain 
questions regarding safety aspects of our proposed reactor were posed verbally 
by members of the subcommittee, It is planned to reduce the answers to these 
questions to writing and submit them informally to the chairman of the sub- 
committee prior to the expected meeting with the subcommittee on August 29. At 
that meeting we would plan to discuss not only those questions but any other 
matters relating to a safety evaluation of the reactor sought to be licensed. 

“Subsequent to the meeting, we intend to incorporate in a formal amendment 
to our application a comprehensive statement of information and data on the 
safety aspects of the reactor. We quite appreciate that our discussions with 
the Safeguards Committee are informal in nature and do not constitute the 
submission of evidence in support of our application for licenses. 

“However, if you wish and will so inform us, we shall be very glad to send 
you copies of our proposed answers to the subcommittee’s questions if it is 
understood that they are not to be regardéd as record evidence which, as stated 
above, we shall submit at a later date.” 

August 11, 1955: Letter from Frank K. Pittman, Acting Director, Division of 
Civilian Application, replying to applicant’s letter of August 1 and stating: 
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“The procedure outlined in your letter is satisfactory to us. We will, of 
course, be represented at the August 29 meeting, and will appreciate your for- 
warding a copy of the proposed answers to the subcommittee’s questions. It 
is understood that your formal answers will be submitted later.” 

August 18, 1955: Letter from applicant transmitting copy of a report covering 
the analysis of the core and the investigation into burnout heat fluxes in the 
proposed reactor. This report will form basis for discussion with the ACRS 
subcommittee on August 29, 1955. Advised that applicant is preparing two 
additional reports for presentation to subcommittee at subsequent meetings. 


August 29, 1955: Meeting held in New York City by ACRS subcommittee to 
» 


consider applicant’s answers to questions posed at May 2 meeting relating to 
nuclear physics aspects of the proposed reactor. During meeting applicant’s 
representatives stated two additional reports will be prepared and submitted 
for review. One report, dealing with containment and waste disposal will be 
forwarded to AEC by October 1, 1955. The other report, which will discuss 
instrumentation and operating procedures, will be submitted to AEC by Novem- 
ber 15, 1955. Also, an outline of applicant’s experimental program will be 
submitted. Applicant requested that arrangements be made for a meeting of 
the ACRS shortly after January 1, 1956, in order that applicant’s hazards 
evaluation data may be reviewed with the full committee. Applicant expressed 
the desire to obtain a construction permit during the early part of January 
1956. 
APPENDIX 


SumMMARY OF Present TRAINING Activities Fosrerep BY 
HeapQuarRTERS Drtvisions ? 


1. Educational Services Branch, Division of Information Serv- 
ices—This Branch has done much to provide educational stimulation 
and material at the secondary school level. It also has assisted in 
establishing special seminars for industrial and newspaper personnel. 
Specific projects carried on are— 

(a) Assisted various schools of education and State and city school 
systems to establish seminars and workshops on atomic energy. Asa 
result, some school entities have prepared materials on how to teach 
atomic energy. 

(6) Brought the newsmen and the National University Extension 
Association together to provide the working press with seminars in 
various schools of journalism. 

(c) Assisted in making the Commission’s exhibits available. 

(d) Assisted schools in finding simple laboratory equipment and 
safe sources of radioactivity. 

(e) Prepared replies to letters asking information about education 
and training for occupations concerned with atomic energy and em- 
ployment outlook in atomic energy work. 

(f) Assisted by other divisions in preparing a booklet on career op- 
portunities in atomic energy. 

2. Technical Information Service, Division of Information Serv- 
ices.—As part of its responsibilities this Service has carried on a posi- 
tive program of dissemination of scientific and technical information. 
Particular attention has been given by the Industrial Information 
Branch to direct dissemination to industry of AEC-developed infor- 
mation of industrial significance. Frequently, help has been given in 
arranging for briefing sessions of industrial personnel participating 
in the atomic energy program under study and access agreements. 


*Source: Report prepared by the staff of the Division of Organization and Personnel. 
(See sec. 38, Adequacy of Manpower Supply.) 
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3. Division of Reactor Development.—Specific activities are— 

(a) Oak Ridge School of Reactor Technology: A 12-month course 
for some 80 Q cleared students from industry and government is 
offered. Tuition is free to Government employees or those sponsored 
by AEC cost-type contractors. Tor all others the tuition is $2,500 
ORSORT provides advanced education in reactor theory and tech- 
nology to engineers and scientists who will engage directly in reactor 
research, design, and development. This highly specialized training 
is not at present available outside of the atomic energy program be- 
cause of its classified character or because of the rapidly developing 
nature of the technology treated. ORSORT is managed by the Oak 
Ridge National Laboratory. 

(6) School of Nuclear Science and Engineering, Argonne National 
Laboratory: This school presents a 7-month course to some 40-50 
foreign students and some 10-20 American students. The tuition is 
$1,500 for the 7-month course. For a 12-month proposed course the 
fee would be $2,500. Since this is an unclassified course in the 
scientific and technical knowledge concerned with nuclear reactors 
and related atomic energy application, no formal clearance is re- 
quired ‘This school is considered as one of the major projects under 
President Eisenhower’s Atoms for Peace program. 

(c) Laboratory or facility training of engineers: An on-the-job 
training program of experienced engineers from industry has been 
started. These engineers are assigned to a Commission laboratory or 
facility usually for a period of 1 year. These assignments may be as 
a consequence of a consultant contract, a personnel loan, or other suit- 
able arrangement. While at the lab, the engineer is an active partici- 
pating member of a group working on a particular design, develop- 
ment, or operating problem. He contributes his skill and industrial 
experience. At the same time he acquires the know-how and tech- 
colons unique to nuclear energy utilization. He has access to classified 
literature. At the completion of his assignment he returns to his 
industrial employer. Some 200 such engineers are now working while 
165 engineers have been trained under this program. 

(d) The Graduate School of Nuclear Engineering given by General 
Electric at Hanford: This school is not under the cognizance of the 
Division ef Reactor Development; however, its courses come within 
those of interest to the Division. The school serves the people of the 
Hanford project including employees of the AEC, General Electric, 
and ee contractors. It does not compete with other schools 
or colleges, but offers supplementary education to employees who wish 
to benefit by continual study in parallel with their industrial duties. 
The classes meet 1 night a week for 4 months. Tuition is $18—25 per 
course. 

(e) Industrial study groups: Some 350 technical personnel from 
industry have been trained from the 18 active study groups. This 
training has been largely self-training. Through study of classified 
literature, visits to AEC facilities, attendance at classified symposia 
and seminars, and discussion with AEC scientists and engineers, these 
industrial engineers and scientists have been developing the necessary 
working familiarity with nuclear technology. 
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(f) The following schools offer degrees in nuclear engineering : 
Columbia University, M.S. and Ph. D. 
Kansas State University, B.S. 
North Carolina State College, B. N. E., M. N. E.? 
University of Tennessee, M.S., Ph. D. 
MIT, M.5., Ph. D. 
The following schools offer courses in nuclear engineering : 
Iowa State College 
Ohio State University 
University of Louisville 
University of Minnesota 
New York University 
University of Michigan 
4. Division of Research.—The Division fosters training through 
three main approaches: 
(a) The Oak Ridge Institute for Nuclear Studies is set up to “ad- 
vise and assist * * * in arranging education, research, and develop- 
ment programs * * * relating to nuclear science; to stimulate and 


‘ assist in the development of research programs and improved methods 
of education and training in nuclear science * * * in universities and 
colleges of the Southeast; to foster and encourage advancement of 
knowledge concerning nuclear science.” The Institute operates under 
a contract with the AEC and is reimbursed for cost incurred in carry- 
ing out these approved programs: 

1. Conducting research on cancer and related diseases. 


2. Providing fellowships for graduate study in science. 

3. Assisting Oak Ridge scientists in continuing their education. 

4. Providing means for university faculty to participate in research 
programs at Oak Ridge Laboratories. 

5. Offering symposia and ee conferences on atomic energy. 

6. Encouraging high school and college students to enter the scien- 
tific fields. 

7. Training doctors, technicians, research workers, and industrial 
workers to use radioactive materials. 

8. Providing lecturers for college science groups and courses. 

9. Operating the atomic energy museum. 

10. Developing a complete technical library for use by the general 
public and scientists. 

(6) University research contracts: Through the support of funda- 
mental research in physical sciences at universities and independent 
research institutions on a cost-sharing basis many students are enabled 
to pursue graduate work through the educational employment oppor- 
tunities afforded. Frequently, the contract provides both stipend and 
subject matter for a dissertation. In every case the contract has pro- 
vided facilities and supplies which have enabled the university to 
expand and improve its program of post-graduate instruction. Some 
1,600 graduate students in the physical sciences are so employed, of 
whom some 500 receive Ph. D. or master’s degrees each year. 

_ (c) On-site training at AEC laboratories: Some 235 students work- 
ing on dissertations in the physical sciences are in training on research 
programs conducted at AEC laboratories. 


OO . 


*A complete undergraduate and/or graduate curriculum is offered. At Reactor Develop- 
Ment Division suggestion, from time to time a 1-month course in reactor technology is 
offered to outsiders. 
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5. Division of Biology and Medicine——This Division supports 
training through educational employment of students on research con- 
tracts much as the Division of Research. Some 350 graduate students 
are directly given full or part-time employment to carry on these 
specific activities : 

(a) Fellowships: ORINS administers a ree vee in— 

1. Radiological physics which helps meet the needs of the AEC, 
industries, and research organizations for specialists trained in the 
effects of radiation on the human body and methods of protection. 
Fellows spend a full school year in university courses and 3 months 
at an AEC laboratory for on-the-job training. Since 1950 some 150 
fellows have completed the program and some 52 persons now hold 
the fellowship. The stipend is $1,600 plus dependency allowances, 
tuition, and fees. 

2. Industrial hygiene which helps fill the need for trained people 
who can help solve the unique industrial health problems other than 
radiation met in AEC and industrial laboratories using radioactive 
materials. Fellows take courses at Harvard or University of Pitts- 
burgh and complete work for a master’s degree during the academic 
year. Some 13 persons have completed courses since 1952 and 8 fel- 
lows are now studying. The stipend is the same as for radiological 
physics. 

3. Industrial medicine which helps fill the need for physicians 
trained in the specialized health problems associated with the use of 
atomic energy inindustry. Eight fellows are trained each year at one 
of the following universities: Harvard, Pittsburgh, Cincinnati, and 
Rochester. Following 1 year of academic training, the fellow is per- 
mitted to take another year of in-plant work at one of the major AEC 
facilities. The stipend is $3,600 for the first year and $6,000 for the 
second year. 

(6) Short courses at ORINS in radioisotope tracer techniques: 
These courses of some 4 weeks’ duration provide special training per 
course for some 30 citizens and aliens. 

(c) Proposed pre- and post-doctoral training for aliens under the 
Atoms for Peace program: It is proposed that aliens will spend some 
6 to 18 months as active participants with a research group under the 
leadership of an outstanding scientist. 

(zd) Arranging for visits of foreign doctors and specialists to visit 
United States medical facilities: One visit of 13 was conducted during 
June, July, 1955. 

(e) Cancer research techniques using isotopes and nuclear radia- 
tions: Approximately 25 individuals are receiving such training at 
the Argonne Cancer Research Hospital, the ORINS Medical Division, 
and BNL Medical Center. 

(f) Graduate training at AEC laboratories: Some 35 students 
working on dissertations in the life sciences are in training on research 
programs at AEC laboratories. 

6. Division of Civilian Applications.—No training functions have 
been identified by this Division. However, it does have— 

(a) A responsibility for assuring trained personnel in licensed 
activities; and 


(6) May help arrange training courses under Access Agree- 
ments program. 
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1. Division of Raw Materials—While no large training functions 
have been carried on, several interesting activities have taken place 
which may point the way to the future: 

(a) AEC suggested to Mesa College that a course in How to Pros- 
pect for Uranium be presented. No entrance qualifications were estab- 
lished. Some 600 people attended. The success encouraged Mesa 
College to give the same course at Craig, Colo. 

(b) The AEC ere some four lecturers in uranium geology to 
the Colorado School of Mines for a special credit course attended by 
some 30 to 40 people. 

(c) Since there is a shortage of people skilled in uranium geology, 
the AEC has, in effect, served as a training ground for young gradu- 
ates who are later offered positions with the large mining companies. 

(d) Suggestions have been made to many western universities that 
they institute special courses in uranium geology. 

(e) Utilized Grand Junction plant of National Lead Co. to train 
prospective milling contractors in uranium milling processes. 

8. Division of Production.—As far as can be ascertained, no formal 
activities are taking place except : 

(a) Dr. Manson Benedict, of MIT, has arranged for his students 
to take some on-the-job training at the gaseous diffusion plants. 

(b) Personnel of Goodyear are being trained to operate the Ports- 
mouth plant when it is completed. 

(c) In-plant training on feed materials production. 

9. Division of Organization and Personnel.—The Division is ad- 
ministering the program for outside training authorized by section 
161 (n) of the 1954 act, and is now studying the program for in-plant 


training for industrial personnel with a view to recommending a pol- 
icy regarding such training. The objective is to afford access to indus- 
trial training facilities unique to the AEC plant and program in order 
to encourage widespread participation in industrial development and 
utilization. 


ComMUNICATION From Atomic Enrercy Commission TO THE PANEL 
ON THE Impact or THE PeAcerut Uses or Atomic Enrercy, Decem- 
BER 16, 1955 


This is in reply to your invitation * * * to comment on the Mc- 
Kinsey & Co. report * * * being considered by the Panel on the Im- 
pact of the Peaceful Uses of Atomic Energy. ‘The information 
contained in the attachments is intended to supplement the comments 
* * * made before the panel on December 5. 

Our comments are directed to the more significant problems of or- 
ganization and policy which McKinsey & Co. included among the 
“unmet needs” of the private entrepreneur set forth on pages 1-3 
through 1-8 of the report. For convenience, they are considered in 
the order in which they appear in the report. These comments will 
be found in attachment A. In addition, there are provided more com- 
plete and specific answers to several questions raised by members of 
the panel during the hearing on December 5. The questions and an- 
swers appear in attachment B. ; 

McKinsey & Co. has performed an excellent stock-taking job for 
the Atomic Energy Commission. However, because of the Yinited 
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time available for conducting the study, McKinsey & Co. could not 
make, nor did their contract provide for them to make, a thorough 
analysis of these problems, looking toward recommended solutions, 
The report confirms our impressions that tremendous progress has 
been made toward the development of the atomic-energy industry in 
a very short period of time and under the most difficult circumstances. 
The problems identified by the report vary from those of a fairly 
minor administrative nature, which the AEC is quite capable of soly- 
ing, to those of a most complex technical and policy nature. Other 
problems identified by the report may require additional legislation, 

Perhaps the most important problem is that much of the technology 
needed to get this new industry on an economic basis has not yet been 
developed. The “positive approach” suggested in the McKinsey & Co. 
report is as much the active and forceful pushing of very complex and 
time-consuming research and engineering development problems as it 
is the administrative steps to make available the existing bodies of 


information. 
ATTACHMENT A 


UNMET NEEDS OF THE PRIVATE ENTREPRENEUR AS SET FORTH IN THE MCKINsEy 
Report AND AEC CoMMENTS REGARDING THEM 


1. Question: Can firmer and longer term assurances be given as to availability 
of and charges for services needed from the Government? 

Answer: We feel that some clarification and expansion of the pricing schedule 
may be desirable and the subject is under review by the AEC. The report does 
not emphasize the obligations of the Commission under section 161m of the act 
not to discourage the development of sources of supply independent of the Com- 
mission. While general assurance and favorable prices to the reactor operator 
may encourage him, it may foreclose the development of ancillary services es- 
seutial to a healthy atomic energy industry. The foregoing is reflected in the 
present statement of the general pricing policy contained in the AEC Manual as 
folluws: : 

“Intent regarding outside sources.—This general AEC pricing policy is de 
signed so as not to discourage persons outside the AEC from developing adequate 
sources for materials and services for which the AEC is now the sole or main 
source. If and when such outside sources are or can be developed, it is the in- 
tention of the AEC to avoid competing with them provided that the prices or 
charges of the outside sources are at levels that will not discourage research, de- 
velopment and commercial products in the field of atomic energy applications. 
Consequently, to the greatest extent practicable, AEC operations will be reduced, 
and conceivably eliminated in some instances, as adequate and reasonably priced 
outside sources become available for both private and Government needs.” 

2. Question: How much research and development assistance will the AEC 
provide? What will be the future role of the National Laboratories, particu- 
larly in atomic development projects related to peaceful uses of atomic energy? 

Answer: The Commission has the responsibility to encourage rapid progress 
in the industrial application of atomic energy. Most of this industrial progress 
is dependent upon the research and development efforts now being carried out 
by the AEC laboratories, and this situation can be expected to continue for a nui- 
ber of years. The Commission will give continued attention to the respective 
roles of the national laboratories and industry in research and development. 

8. Question: To what extent will AEC depend on private industry to furnish 
additional production capacity needed to meet future weapons and research pro- 
grams? 

Answer: The Commission cannot answer this question without more specific 
information as to the extent of needed additiona) production capacity. It is the 
intention of the Commission to rely on industry to provide any required additional 
production capacity to the greatest feasible extent. One of the more important 
considerations in making any determination as to the manner of handling a4- 
ditional production capacity will be the nature and urgency of the military Te 


quirement which s given to ARO. 
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4. Question: What assistance will be provided private industry in develop 
ing such essential atomic processing industries as feed-material production, fuel 
element fabrication and chemical processing? 

Answer: The Commission is already making information on technology in 
these areas available to companies interested in entering the field. This is being 
done under the access program. As explained under (3) above, the Commission 
would propose as far as practicable to purchase any additional requirements for 
these services from private industry. Announcement has already been made of 
a need for additional feed material capacity and industry has been invited to 
furnish capacity sufficient to process up to 5,000 tons of U:Os. The extent to 
which private industry will be able to provide these types of ancillary services 
will depend upon improvements in technology, further increase in military re- 
quirements and the rate of growth of the nuclear power industry. 

5. Question: Is the Commission going to assume additional responsibilities for 
expanding the supply of technical and scientific manpower? 

Answer: The AEC has already assumed considerable responsibility for train- 
ing in the atomic energy field. Training opportunities exist for private industry, 
institutions and foreign governments. The expansion of these efforts will de- 
pend upon (1) specific demand; (2) appropriations to expand training facilities; 
(8) AEC policy determination of the size and scope of the training program re- 
quired by the new act; and (4) a more specific legislative requirement that AEC 
is to promote and provide training for the industry as a whole as well as for the 
AEC. 

6. Question: Will fuel be made available for operation of foreign power re- 
actors? Will AEC license United States firms to fabricate fuel elements for 
foreign use? 

Answer: The Commission is proceeding on the basis that fuel will probably be 
made available for operation of foreign power reactors, and, if it is, it is to be 
expected that United States firms will be licensed to fabricate fuel elements for 
foreign use. A very serious question of national importance is the degree of 
control which it may be necessary to exercise over fissionable material placed in 
the possession of foreign countries. 

7. Question: Can the AEC resolve the question: Will the Government supple- 
ment available private insurance protection? 

Answer: AEC has taken steps to try to bring this problem to a resolution. 
The insurance companies have for the past year been actively studying the ques- 
tion of insurance in this field. Important problems are in the area of public 
liability insurance, including third party liability insurance. We expect that 
early in January 1956, the insurance industry will describe the types of coverage 
they will be able to provide and state a figure with respect to the probable amount 
of public liability insurance available. Recently representatives of the insurance 
industry have indicated that they are hopeful that legislation may not be neces- 
sary because of the amount of coverage they will be able to provide. Adequate 
information is lacking as to the maximum amounts which may be requested by 
the purchasers of insurance. Most of the power companies and the manufactur- 
ing companies which we have consulted have indicated that the probable amount 
of coverage to be offered by the insurance industry will not be enough and that 
some form of legislation will be needed under which the Government would 
underwrite amounts in excess of the coverage furnished by private insurance 
companies. However, these views were expressed on the basis of a more limited 
coverage than representatives of the insurance industry have indicated may be 
possible. The Commission will, in the near future, consider whether a recom- 
Imendation for legislation is desirable. 

It should be noted that even if the coverage problem is resolved, other prob- 
lems will still remain, such as the cost of insurance. 

8. Question: What is the Commission’s definition of the practical value clause 
in terms of issuing commercial licenses for production and utilization facilities? 
What criteria will be used in applying the Commission's definition to applicants 
for commercial licenses? 

Answer: The Commission has not adopted a definition of “practical value,” 
The Commission is satisfied in the light of the legislative history of the act that 
the economic factors as well as technical feasibility are essential criteria in 
reaching a definition of practical value. The problem is not regarded as imminent 
Yeranse Yhe Comm)ssion is satisfied that in the present state of the art a deter- 
mination could not be made that power reactors have practical value within the 
meaning of the statute. The Commission will be faced with the necessity of con- 
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sidering this question with respect to other facilities, such as chemical processing, 
prior to the time that private industry is ready to build such plants. This ques. 
tion was discussed in our letter of November 18 * * * in response to the panel’s 
letter of October 25. 

9. Question: Clarification of the responsibilities of the Division of Civilian 
Application and other headquarters divisions for actively promoting the develop 
ment of a private atomic indostry. 

Answer: As was indicated to the panel in the appearance of representatives 
of the Commission before the panel on December 5, there is a difference in ap- 
proach between the writers of the McKinsey report and the Commission as to 
what constitutes a positive approach to the promotion of widespread industria] 
participation in the development of peaceful uses of atomic energy. We do not 
believe it necessary to elaborate on this point in this letter. 

The Commission has not thought it feasible to centralize in one division all 
the responsibilities of the Commission that relate to the promotion of peaceful 
uses of atomic energy. The responsibilities of the Division of Civilian Applica- 
tion and other divisions in this area are revised from time to time in order to 
marshal most effectively the Commission's resonrees in accelerating industria) 
participation in atomic energy. 

10. Question: Development of organizational arrangements and processes to 
assure that the AKO held organization gives adequate emphasis and priority 
to the tasks related to the peaceful uses of atomic energy by private individuals 
and groups. This includes the problem of cbtaining a more uniform application 
of the various requirements placed on private participants in the program. 

Answer: At the time the AKC established the Division of Civilian Application 
the adequacy of its field organization to handle civilian use problems was con- 
sidered. It was decided that 

(1) A going field organization staffed with people well informed generally 
about the Gommission’s programs would do a much better job and a more 
economical job particularly during early stages of development. 

(2) The AEC already has offices located in the areas where there would 
de the greatest participation, namely, New York, Chicago, and San Francisco. 

(3) Technically qualified people wvuld be hard to find to staff new offices 
if they were to be established and they would have to be trained. 

(4) A regional type of organization may become desirable at some future 
date and we therefore should keep an eye on the development of the pro- 
gram at the field level. 

(5) Uniform treatment of the licensee was essential; therefore, it would 
be necessary to develop regulations and procedures which can be used by all 
offices. 

11. Question 2 Establishing one central point in the AEC for development of 
manpower requirements data related to the peaceful uses of atomic energy, and 
to provide advice and assistance to private groups and individuals on training 
and education. 

Answer: It may be desirable to take the step indicated. A rather careful study 
has been made over the period of the last 4 or 5 months and it should be possible 
to make a decision as to its desirability shortly. 

12. Question: Reevaluating the processes and methods used for reviewing, 
coordinating, and balancing the several research and development programs to 
assure that appropriate efforts are devoted to the projects which show most 
promise toward achievement of objectives. 

Answer: Control over research programs is always a difficult management 
responsibility because of the very nature of such programs. The present research 
programs are controlled through a number of means among which are— 

(a) The specialized staff of the Commission in the Research, Biology and 
Medicine, and Reactor Development Divisions. 

(6) Programmatic reviews by the General Manager and the Commission. 

(c) Advice obtained from the GAC. 

(d@) Advice from the Advisory Committee on Biology and Medicine. 

(e) The special advisory committees assisting these divisions. 

(f) Use of outside consultants. 

The General Manager is assisted in his control over the research programs 
by the Assistant General Manager for Research and Industrial Development. 
We are not convinced that more effective results could be achieved in the re- 
search programs by the addition of technical assistants to his staff. 
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ATTACHMENT B 


The following is a list of the questions asked by members of the McKinney 
panel of AEC officials at the meeting on December 5, 1955. To some extent, they 
duplicate items appearing in attachment A. ; 

1. Question: The act is not clear that the Commission has the responsibility 
{oy seeing that a sufficient number of scientific and technical personnel are 
trained to meet the needs of an atomic-energy industry. What do you consider to 
be your responsibility? 

Answer: The AKC has for years provided considerable support and impetus to 
training in the atomic-energy field. The following efforts should be noted: 

(1) Assistance to schools, at all levels, by providing information, training 
materials and equipment, exhibits and advice on course content. 

(2) Courses of instruction in reactor technology at AEC facilities. 

(3) University research contracts, 

(4) On-site training at AEC laboratories for students working on advanced 
degrees. 

(§\ Fellowshins, 

(6) Special training in the use of radioisotopes. 

(7) Visits of foreign students to AEC facilities. 

Although AKC training efforts are already extensive, it shonld be noted that 
such efforts revolve mainly around the conduct of training in AEC facilities or 
training accomplished incident to the performance of research by universities 
under AEC sponsorship. How much greater such training efforts should be in 
the absence of a clear mandate under the act of 1954 is a matter we hope to 
resolve by recommending clarifying legislation to Congress 

92. Question: Where do we stand now on the plan to review 20,000 research and 
development reports? 

Answer ; The plan described in the McKinsey report is now in operation. The 
task force is on schedule in its review of the reports; about 20 percent of the 
reports were reviewed in first 8 days. 

3. Question: What is the size of the feed materials requirement included in 
the AEC proposals to industry for handling the chemical processing? 

Answer: Five thousand tons per annum, but proposals for lesser quantities will 
be considered. 

4. Question: How many applications for patents has AEC processed since the 
passage of the new act? We would like to see statistics showing the trend in 
this area. 

Answer: The Commission, as of December 1, 1955, has a portfolio of 845 pat- 
ents available for licensing to industry on a nonexclusive, royalty-free basis and 
as of that date had issued some 499 licenses. 

The Commission has on file some 2,975 classified and unclassified patent appli- 
cations of which 2,450 are domestic United States patent applications and 525 
are foreign applications. The number of invention disclosures reported to the 
Commission by contractors has stayed approximately the same over the past 
several years. 

While it is believed too soon to say whether there has been any marked increase 
in the filing of patent applications by private parties in the field of atomic energy 
since the passage of the 1954 act, the following figures as to patent applications 
filed by private parties and reported to the Atomic Energy Commission by the 
United States Patent Office under section 151¢ may be of interest. 

é Private applications 
Period: reported to ABC 

Aug. 1, 1953, to Jan. 31, 1954, under sec. 11 (d), 1946 act 

Feb. 1, 1954, to July 31, 1954, under sec. 11 (d), 1946 act 

Aug. 1, 1954, to Jan. 31, 1955, under sec. 151¢, 1954 act ie 

Feb. 1, 1955, to July 31, 1955, under sec. 151c, 1954 act___-______-_- 

Aug. 1, 1955, to Nov. 1, 1955, (3 months) under sec. 151c, 1954 act____ 


The number of reports sent direct to the Commission under section 151¢ during 
the period November 1, 1954, to May 30, 1955, was 15 and from June 1, 1955, to 
December 1, 1955, was 33. 

_ These figures are inconclusive, particularly if one bears in mind that private 
industrial activity is of rather recent origin and inventions conceived or made 
are generally not subject to patent applications immediately. However, they 
may be indicative of reflecting a trend of increased activity, since the rate for 
the last 3 months and the immediate preceding 6 months was higher than the 
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preceding 6-month periods. This increase may be attributed to a wider genera] 
ere in atomic energy rather than any change in the patent provisions of the 
aw. 

The reports under section 152 have been relatively few. This is understandable 
as the Patent Office is some 3 or 4 years behind in the prosecution of applications 
and applications are not generally referred by the Patent Office to the Commission 
under section 152 until the applications are otherwise in condition for allowance. 
The section 152 reports during the period November 15, 1954, to May 15, 1955, 
were 11 and from May 15, 1955, to December 14, 1955, were 15. The Commission 
has thus far not filed any directives under the provision of section 152. 

The compulsory licensing provisions of the Atomic Energy Act of 1954 (sec. 
153), as has been expressed on several occasions, are deemed by the Commission 
to establish a reserve power to be invoked only under compelling circumstances. 
There has been no occasion for the Commission to invoke the provisions of 
section 153. 

5. Question: Do you have a task force reviewing all aspects of civilian appli- 
cations, including all activities of the Commission relating to civilian use? 

Answer: No; we do not have such a task force now in existence. However, 
the question of the Commission’s organization for civilian uses was thoroughly 
studied and as a result the Commission established the Division of Civilian Appli- 
eation. The charter of the Division has been revised twice since the Division was 
established on June 8, 1955. We are now considering the need for further clari- 
fication of the organizational responsibilities in this area. The present functions 
of the Division are listed as follows: 

(a) Developing and providing for the issuance of regulations and other instruc- 
tions affecting licenses and authorizations, and other activities related to civil- 
ian use. 

(b) Assuring the development of, and providing for the issuance of pricing 
schedules for materials and services made available to licensees and prices to be 
paid by the AEC for materials produced or returned by licensees. 

(c) Developing requirements for, and authorizing the distribution of source, 
special nuclear, byproduct, and other materials for licensed use. 

(ad) Developing standards, guides, and codes for the design, operation, super- 
vision, containment, and location of all reactors (including AEC owned and 
privately owned) necessary to the public health and safety. 

(e) Evaluating all reactor proposals and all significant changes in existing 
reactors with regard to design, operation, supervision, containment, and location, 
on the basis of established standards, guides, and codes. This will include review- 
ing all pertinent reactor hazard information. 

(f) Providing staff advice and assistance on reactor hazards to the responsible 
operating divisions. 

(g) Participating jointly with the Division of Inspection in developing a 
comprehensive plan for conducting investigations of the causes of major reactor 
accidents. 

(h) Handling requests for, and issuing, modifying, amending, suspending, 
and revoking licenses and authorizations as specifically authorized by the Gen- 
eral Manager. 

(i) Handling requests for, and authorizing access to restricted data for 
civilian uses. 

(j) Handling requests for, and issuing authorizations for the exporting of 
equipment and materials or engaging in the production of special nuclear ma- 
terials outside the United States. 

(kK) Promoting public understanding of the program described above. 

6. Question: What is the size of the staff of the Division,of Civilian 
Application? 

Answer: The Division presently has 46 employees on its rolls divided as 
follows: 23 professional employees; 23 secretarial and clerical employees. 

The Division has a fiscal year end ceiling of 85 positions which are divided 
as follows: 44 professional ; 41 secretarial and clerical. 

In addition the Division is responsible for the isotopes activity which is lo 
cated at Oak Ridge, Tenn., which has 58 employees on its rolls divided as fol- 
lows: 26 professional employees; 82 secretarial, clerical, and administrative 
employees. 

7. Question: What is the distribution of the research money between the 
universities and industry? 

Answer: In a report to the National Science Foundation based on 1954 fiscal 
year expenditures the AEC reported as follows: 
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[Figures in millions] 
Fiscal year 1954 


Total operating cost for conducting research and development, excluding $227. 
plant and equipment. (This figure is broken down as follows) : 
(1) Within AEC Se Ne 
(2) Within Government-owned, contractor operated research 
facilities 
(3) Outside AEC in private profit organizations_._._..c......__ 53. 5 
Ce eee oc cimecnecieiainbahendinamensienen 16. 
(5) Rae ee ee no i nn nc ieee 4. 
(6) Other (Government agencies) 


These are the latest figures available. 

8. Question: Does the AEC object to the printing of the McKinsey report in 
the panel’s report to the JCAE? 

Answer: No. 

9. Question: Does the Commission lack adequate authority to enter into long- 
term contracts with private industry for the purchase of goods and services? 

Answer: In the context of our discussions with the panel on December 5, we 
believe this question has particular reference to the procurement of plutonium 
on a long-term basis such as a 10-year contract or for chemical processing of 
fuel elements on a longer than 5-year contract basis. We are not prepared to 
say that all such contracts cannot be made under the present provisions of the 
Atomic Energy Act of 1954 and other pertinent authorities. It depends on the 
nature of and the circumstances underlying the procurement. However, it 
may be desirable, in order to proceed effectively and expeditiously in this pro- 
gram, to obtain general and express statutory authority to enter into long-term 
procurement contracts for goods or services especially needed in the atomic- 
energy field, and we are presently considering the need for legislation of this 


type. 
: O 





